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PREFACE 
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The fact cannot be denied that the analytical data hitherto 
published with regard to the various resinous substances are 
far from being as uniform, accurate, and reliable as is the 
case with such bodies as the fats and oils for example. 
Even though the resins are, chemically speaking, in no way 
very similar, or nearly allied, to the definitely characterised 
fats, the great variations in the analytical values obtained are 
nevertheless remarkable, the methods of examination practised 
on the fats and oils having, almost without exception, been 
applied to the resins as well. ^Jfhpugh, owing to the crude 
methods of preparation and «di^rs^/^pmD;ierc^!Eu,^iiSages, the 
constitution of the resinous substances -^ by , which name the 
author implies the true resins, balsam^ ^pd-ogjim resins — as 
inconstant, alterable mixtures » or : .am(Jrp3;iaka^ . and, for the 
most part, unknown bodies, is siicK that ncr complete con- 
cordance of analytical values could be expected, it becomes 
an interesting, and indeed inevitable, problem to ascertain 
what are the causes of this lack of concordance; and an 
additional question also arises, namely, from what points 
of view should the matter be approached in future with 
the idea of improving the analytical method, and thereby 
securing greater uniformity in the results already obtained ? 

In the author's opinion, the relatively great fluctuations 
in existing results, which the reader will find recorded in 
the second part of the present work, are principally attribut- 
able to the following causes : — 
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I. The methods employed. 
II. The use of extracts in place of the natural drugs. 

III. The lack of experiments conduced on authentic pure 

resins as they come from the parent tree, the 
results of which researches should constitute a 
basis of quality. 

IV. The lack of individuality in the resins examined, and 

which for the most part are not met with in an 

unadulterated state in commerce. 
With regard to the first point, it may be said that 
almost every investigator has hitherto effected the saponi- 
fication test by a different method. One has boiled the 
mixture under a reflux condenser, whilst another has allowed 
the alkali to act during a process of concentration ; a third 
has restricted the operation to a short time, and a fourth 
extended it over a longer period. Similarly, no uniformity 
exists in the determinatipj\.Qf^.the acid value, and a special 
method **iiesigpedVf or. /cBnet^f 'application to the resinous 
bodies ih* 'qu^stioii .15; stHJ wanting. Even though it be 
erroneous to ^v^]ffj..v^'iigle uniform method for all resins 
— as has latt;fe!Ffy;l5e6ji*i]^htiy attempted in the case of the 
fats and oili-^knd--thougfi"*it appears more advisable to 
specialise and individualise for each particular resin by 
itself, nevertheless a uniform method is necessary to enable 
all analysts to work according to well-defined conditions, and 
not in divergent ways, since slight deviations in the condi- 
tions of experiment are particularly liable to lead to great 
differences in the results when resinous substances are in 
question. Again, in connection with point II., it has 
hitherto been the practice of analysts to work exclusively 
with extracts and not with the natural drugs themselves. 
Now it is evident that no reliable opinion on the natural 
drugs can ever be based upon extracts, owing to the highly 
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divergent composition exhibited by these bodies (the gum 
resins particularly), in respect of their volatile constituents 
and substances soluble in alcohol, in consequence of which 
the saponification value of the extracts can never represent 
that of the crude products. Moreover, the extracts are so 
dark in colour that it i« difficult to ascertain precisely the 
moment of change. To come to point III, the number of 
resinous products hitherto examined in a natural state, i,e, 
as they come from the parent plant, is very small, the 
commercial products being taken with all their impurities 
and modifications from the original types. Finally, in 
connection with point IV., it has been the custom to apply 
the methods of analysis used for fats and oils to the resinous 
bodies without taking the special constitution of the latter 
into consideration, and thus it is that determinations have 
been made of the ester value and saponification value of 
resins that contained no esters, acid value of non-acid resins, 
and so on. If, however, the pure scientific chemistry of the 
resins be regarded as the foundation for their analytical 
examination — as in the analysis of other -substances — it 
becomes evident that the recent researches pursued in 
that subject by Tschirch, his pupils, and other workers, 
must be incentive to the revision, improvement, and 
individualisation of the methods of testing now in use for 
resins. 

In this direction the author has endeavoured, by 
systematic investigation in the analysis of resins, to realise 
the conditions which he considers valuable for the improve- 
ment of the methods, and has hitherto laid down as funda- 
mental rules for his own guidance, viz. : — 

I. Analysing the natural drugs themselves. 

II. Defining uniform regulations for the performance 
of more rational methods. 
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III. Individualising these methods, on the basis of the 

modern chemistry of the resinous bodies. 

IV. Selecting quantitative methods in preference to 

qualitative methods, the colour reactions in 
particular. 

V. Determining standard limits for the various constants, 

on the basis of investiigations performed on 

authentically pure samples, taken direct from 

the parent tree. 

Bearing these rules in mind, it will not be considered 

surprising that the author should have modified his method 

of determining the acid value (for example) to a different 

degree for almost every separate resin, the value being 

determined directly in one case, and indirectly, or in some 

other manner, in another. These modifications are not— as 

• would at first sight appear — arbitrary, but are the result 

of practical experiments, intended to keep in touch with 

practice on the one hand, and the modern chemistry of the 

resins on the other. 

Whether this method of procedure is correct or no, time 
will show. The author believes, nevertheless, that the 
present work will fill a gap in the literature of the subject, 
there being no comprehensive book as yet in existence 
dealing with the widespread researches in the domain of 
resin analysis, and because the space allotted to the author 
on this branch, in Lunge's work on chemico-technical 
methods of examination, was naturally very small, and 
insufficient to treat the available materials in anything like 
an exhaustive manner. At anyrate, the comprehensive data 
now published will contribute to the further development 
of the analysis of resins, and form a commencement 
for establishing definite value limits and methods, in so 
far as these data show the present state of the subject, 
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and the experience hitherto gained by workers in this 
branch. 

If certain contradictions appear here and there in the 
experiences now published, reference thereto should not be 
construed as implying doubt as to the reliability of the 
authorities concerned, or as laying any blame on the latter, 
but solely as characterising the prevailing condition of things. 
It has already been stated that the uniformity of composition 
of the resins leaves much to be desired, and that external 
conditions, as well as the age of the sample, have consider- 
able influence on the results of the analytical examination. 
This is especially true of such resins as dammar, copal, and 
sandarach, which exhibit oftentimes remarkable differences 
of solubility, even in the hands of unimpeachable authorities, 
according to the age and origin of the sample, and the length 
of time it has been exposed to air and light after exuding 
from the parent tree. Furthermore, when it is remembered 
that the acid saponification- values are often empirical, and 
not theoretically unimpeachable, values, it will be evident 
what care must be bestowed on judging and appraising the 
available materials on the one hand, and how valuable on 
the other, to the subject of resin analysis, is a large accumu- 
lation of experimental, numerical data, and the experience 
connected therewith. 

The prototype kept in mind by the author is the excellent 
work on The Analyses of Fats and Waxes, by Benedikt and 
Ulzer ; the more so that Benedikt expressed the opinion that 
the analysis of the fats would prove instructive for the 
analysis of resins. . 

Although the analysis — i,e, testing and determining the 
value— of resins forms the main subject of the present work, 
it was also considered desirable to include the chemical and 
pharmacognostic data, necessary as a foundation, and to the 
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comprehensiou of their analysis, especially such of these data 
as correspond to the most recent state of knowledge This 
portion has, however, been restricted to such points as 
concern the analysis and individualisation of the resins. The 
pure chemistry of the subject — the special sphere of labour 
of the Berne Institute, and its director, A. Tschirch — must 
naturally be reserved, as regards details, for the latter's work 
on Itesins and Resiniferous Substances, shortly to be published. 

The material at the author's disposal has been divided 
into two main portions — 

Part I. General. 
Part 11. Special 

Of these, the first deals with the definition of the resins, 
the usual methods of examination, identification, classifica- 
tion, and general properties, as well as with the chemistrv 
etc., of the constituents of the resins ; whilst the second part 
treats of the resins separately, and describes their — 

Origin and habitat. 

Chemical constituents on the basis of recent research. 

General properties and commercial varieties. 

Adulterations and substitutions. 

Analysis and evaluation. 

Literature, referring solely to analysis, in order to 
facilitate the consultation of the original reports. 

In using this special part for the analytical testing 
of resins, special attention is directed to the Introduction, 
the General Eemarks, and Definitions, and, above all, to the 
Abbreviations given for the constantly recurring factors, 
such as the acid, ester, and saponification values. These 
abbreviations have been systematically arranged in such a 
manner as to also indicate the method of determination 
employed. Thus, for instance, S.-Z. d. and S.-Z. ind. 
refer to the acid values determined respectively by the 
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direct and indirect (back titration) methods. The S.-Z. f. 
is the acid value of the volatile constituents. V.-Z. h. 
and V.-Z. k. indicate hot and cold saponification values, 
thus showing at once — as already proposed in connection 
with the analysis of fats — which method furnished the 
values set forth. The main object of strictly adhering to 
these abbreviations in this special section of the work, is 
to bring these practical symbols into general use. In 
addition, a brief notice of the method is given in each 
case, with particular information as to whether the natural 
product or only a portion (alcoholic extract in alcoholic 
solution, etc.) of the resin was examined. 

The calculation of the values found by the author's 
own methods has been carried out on the basis of the 
table of atomic weights determined recently by Landolt, 
Ostwald, and Seubert, and accepted by the German Chemical 
Society. 

Where practicable, colloquial nomenclature has been 
adopted for the various resins instead of the Pharmaceutico- 
Latin names, though the latter have been retained in such 
cases as galbanum, ammoniacum, where no colloquial term 
has come into general use. 

There being as yet no thorough classification possible 
on purely chemical lines, the subdivision into — 

A. Balsams, 

B. £esins, 

C. Gum Resins, 
has been retained in the special part. 

An Appendix has been added, embodying all the recent 
investigations published while the book was in course of 
printing, and which, together with a few necessary supple- 
mentary remarks, it was found desirable to include. Special 
attention has been bestowed on the Index. 
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Finally, it is the author's welcome duty to record his 
thanks to those who have given assistance to his task. 
This applies, in the first place, to his chief assistant — of 
many years* standing — Mr. H. Mix, who has rendered 
valuable service in collecting literary matter, reading proofs, 
and in numerous practical researches, etc. Furthermore, 
thanks are due to Professor Dr. A. von Vogl, who was 
good enough — ^through the kind mediation of Mr. A. Kremel 
— ^to enrich the author's collection of resins by exchanges 
with the Viennese pharmacognostical collection; also, to 
Messrs. Gehe & Co. (Dresden), Worl^e & Co. (Hamburg), 
and K & H. Oldendorf (London), for having kindly supplied, 
for examination, numerous samples of rare resins or 
commercial varieties. 

It *is hoped that the present work will meet with a 
good reception, as forming a decided contribution towards 
the characterisation of the resinous bodies; and that the* 
collaboration of colleagues will enable a second edition to| 
record real progress and improvement in the analytical- 
examination of these bodies — progress that will bring us 
soon to the goal of resin analysis, viz. the definite establish- 
ment of rational methods and limits of valuation for the 
constants. 

KAEL DIETERICH. 

Hblfbnbebg, Jamtary 1900. i 
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ANALYSIS OF RESINS. 



PART I. 

GENERAL. 

Definition of Resins in General. — The terms ''resin" 
and " resinous substance " generally imply certain secretion 
products of plants, excreted, in the course of metabolism, 
partly as a normal phenomenon, partly as the outcome of 
disease. 

Whereas, formerly, the resins were regarded as conversion 
products of the tannic acids and phlobaphenes, or even as 
precursors of the ethereal oils (Dragendorfif^), the tendency 
nowadays is rather to consider the phlobaphenes as oxidation 
products of glucoside resinotannic acids, and the resins as 
oxidation products of the ethereal oils. According to Wallach 
the terpenes in particular appear to stand in a certain 
relation towards these secretions. As to what substances 
are actually drawn upon in the plant in order to form resins 
no definite conclusion is as yet possible. That oxidation 
processes play a great part, both in the plant before and after 
exudation of the secretion, and also after the collection and 
storage^ of the same in contai^j^with air and light, has 

1 A. d. Ph., 1879, vol. 15 p. 50. 

2 See Kiessling, Weger, and Lippert. on "Ogygen Absorption by Resins " : 
Chem. Rev.y 98, I. 286 ; Zeits. f. angew. Chem., 98, I., 1248 ; and Weger's 
pamphlets published in 1899 (Baldamus, Leipzig). 

1 
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recently been made clear by K. Dieterich,^ with examples. 
According to this report, the resins and resinous products 
that come into our hands are, for the most part, merely 
secondary products, differing widely from the excretion pro- 
ducts and products of the degradation of high molecular 
compounds, as constituted within the tree or at the moment 
of exudation. Consequently, before reaching our hands as 
commercial products, the resins have really passed through 
three stages of modification, in each of which phases certain 
different influences have differently modified the composition 
of the mixtures. The secretion, while inside the tree, will, 
as the primary stage, exhibit a very different composition to 
what it does after exudation and exposure to air and light — 
a change externally evidenced by the hardening of the pro- 
duct and by its altered colour. The following manipulations 
in the recovery of these products — melting, extracting, etc. — 
then cause further changes, the result of which is that 
commercial resins are really secondary and tertiary mixtures. 
Consequently, as mentioned in the Preface, it is of particular 
importance to the attainment of a knowledge of the resins 
that authentically pure samples, taken direct from the parent 
plant, should be examined, in order that rational methods of 
testing, and normal values, may be established. Unfortunately 
this has hitherto been impossible, except in the case of very few 
resins and balsams (Peru balsam, benzoin, storax, etc.). That, 
in any event, the resins — in opposition to the fats, which are 
mostly synthetical products — should be regarded as oxidation 
and condensation products, and, in fact, as degradation pro- 
ducts of high molecular compounds, by oxidation, or as 
condensation products fj^ high molecular compounds, is 
proved — to give only a limited number of examples — on the 
one hand, by the earlier attempts at the artificial synthesis 

^ B. A., 1896, pp. 15 et seq. 
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of resins from Venice turpentine and fuming sulphuric acid 
(Voges, especially in the preparation of artificial incense) ; 
further, from ethereal oils and anhydrous phosphoric acid 
(Hlasiwetz) ; the artificial preparation of caoutchouc from 
turpentine oil and gaseous hydrochloric acid ; and, on the 
other side, the condensation experiments of Dobner and 
Liicker for the production of an artificial guaiacum resin, 
as also the condensation experiments of A. von Bayer for 
preparing undefined resinous products from aldehydes and 
phenols. 

From the physical aspect we apply the terms " resin ' 
and "resinous substance" to such products as exhibit an 
amorphous (rarely a crystalline) structure, are sticky and 
fusible, burn with a smoky flame, are mostly or entirely 
insoluble in water, and — unlike the fats and oils — leave no 
greasy streak on paper; are saponifiable, not liable to 
rancidity, and constitute mixtures of various coloured and 
colourless, solid and liquid, aromatic and inodorous con- 
stituents. Since the number of uniform products, such as 
colophony (" resin "), which contains resin alone, without 
any gums, ethereal oils, or any large proportion of other 
important constituents, is small, the general term " resin " has 
been applied to a large number of mixtures, which, being 
aggregations of the pure substance with vegetable and 
mineral impurities, are distinguished by the names — 
Balsams, Gum Eesins, and True Eesins. In fact, nowadays, 
some go so far as to include with the resins certain vegetable 
saps, such as aloes and catechu, containing only a relatively 
small proportion of resin. 

Definition of the BaJsams, and especially the Gum 
Kesins. — By halsanis we understand such resinous mix- 
tures as contain the resin dissolved or emulsified in ethereal 
oils, are more or less fluid, and usually exhibit a strong, 
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specific odour. Gum resins are mixtures of such bodies 
as gums, extracts, bitter principles, resin, etc., which, being in 
themselves .only partially soluble, give up certain parts to 
water, and partly contain ethereal oils, in addition to resin 
and gums, their consistence varying according to the 
composition. 

External and Superficial Characteristics of Resinous 
Bodies. — Wiesner^ thoroughly investigated this question, and 
found that the condition of the surface is influenced by 
solidification or weathering, or the two conjoined. Thus the 
" goose skin " of copal is due to weathering. In the gum 
resins — Fllickiger's opinion notwithstanding — no homogeneity 
of surface or admixture is present, but they mostly consist 
of gums enclosing droplets of resin and oil. Thus gamboge, 
for example, is a hyaline mass with embedded drops of resin 
and oil. With regard to the individual types (gamboge,, 
ammoniacum, and galbanum type ; asafoetida, olibanum, and 
myrrh type) and special individuals, see Wiesner {I.e.), 

Distinction between Resinous Bodies and the Fats 
and Oils. — As already mentioned, the resins differ from the 
fats and oils even in their origin. The fats are mostly of 
synthetic origin, the resins formed generally by degradation 
or condensation. Whereas the fats and oils, as glycerides 
of the fatty acids, constitute substances of definite character, 
the resinous bodies are variable and impure mixtures of sub- 
stances that for the most part are unknown. 

Furthermore, it is noteworthy that in the hydrolytic 
decomposition of the fats and oils, which represent esters of 
the fatty acids, the acids are obtained in excess whilst the 
alcohols (glycerin) are in smaller quantity. On the other 
hand, the esteriferous resins corresponding to the fats mostly 
yield but very small amounts of aromatic or resin acids, with 

^ Zeits. d. Allgem. Oestr. Apoth.-Ver., 1899, Nos. 16 and 18. 
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a far larger proportion of alcohols (resinols and resinotannols). 
However, despite these great genetic and chemical differences, 
the methods employed for the examination of the oils and 
fats have, almost without exception, been successfully applied 
to the resinous substances as well. 

Origin, Occurrence, and Collection of Resinous Sub- 
stances. — These bodies, as already remarked, are secretions, 
i,e, excretory products from resiniferous trees and plants, and 
exude to some extent naturally therefrom as a physiological 
phenomenon, though for the most part they are collected as a 
result of pathological treatment by man. According to the 
researches of Tschirch, Moller, and others, nearly all the 
resins, gum resins, and balsams are formed in special secretory 
glands ; the solid resins, such as furnished by the UmhellifenK, 
e.g. asafoetida, ammoniacum, etc., being exuded by the 
epithelial cells into the so-called chizogenic glands, whilst the 
balsams are formed in the lysigenic oil cavities by the dissolu- 
tion of the cell membranes. Just as external treatment by 
the hand of man is able to convert the physiological excretion 
of the resins into a pathological phenomenon, a similar 
excessive pathological secretion, eg, the malady of " gummosis " 
in certain gum trees, may occur in the absence of external 
influences. Particularly numerous and important resinous 
products — gum resins especially — are furnished by the 
Umbelliferce and Bitrseracece, and the varieties Pinus and Larix 
also yield a large number of resins, whilst we are indebted 
to the Ccesalpinacece for some very important balsams. Few 
of the resiniferous trees are indigenous to Europe, whereas 
America supplies a great many resinous products, as also 
Africa and Asia — Persia and Asia Minor especially. Of the 
gum resin trees none to speak of are indigenous, and but few 
resins, such as pine resin, turpentine, and one or two others ; 
and this lack of material at first hand is a great drawback 
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to the attainment of accurate information on the collection, 
original composition, and real origin of the resins, all of which 
points still remain to some extent in obscurity. Finally, 
when it is borne in mind the great distances and large 
number of hands through which these bodies have to pass, 
it will cease to be surprising to find that the products reach 
us in a totally altered, variable, and, above all, adulterated 
condition. So far as the methods of collecting resins are 
concerned, such as cutting the trees, boiling the twigs and 
branches, concentrating the extract, etc., these are so crude 
and variable that the resulting products can hardly help 
exhibiting irregularities in their properties, etc. 

Classification. — On the basis of physical properties the 
resinous substances can be classified into balsams, resins, and 
gum resins. And at the present time, when the chemistry 
of these bodies is by no means complete, although pro- 
gressing, and when only such resins as have been more 
closely investigated can be subjected to chemical classifica- 
tion, the physical method remains the most accurate and 
practical, notwithstanding its lack of absolute precision and 
the frequent occurrence of intermediate members and transi- 
tion grades. Up to a certain extent chemical classification 
has been rendered possible by the classical and systematic 
labours of Tschirch and his pupils, at least so far as concerns 
the resin products hitherto subjected to careful examination ; 
and the following classification has been proposed by K. 
Dieterich on the basis of Tschirch's investigations : — 

1. Resins which consist of esters of the aromatic series, 

and either contain free acids or not — e.g. benzoin, 
dragon's-blood, acaroid resin, etc. 

2. Resins consisting of esters of special resin acids, and 

containing, in addition, free resin acids or not — e,g. 
turpentine, mastic, succinite, elemi, etc. 
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8. Eesins which are not esters, but contain only free 
resin acids, occasionally accompanied by inert ad- 
mixtures. To this class belong colophony, copal, 
guaiacum, sandarach, dammar, etc. 

In addition, the author also proposed to group the 
resinous substances according to the mode of collection 
pursued, i,e. natural (physiological excretion) and artificial 
(pathological excretion).^ To the first group would belong 
all such resins as — like dragon*s-blood — exude naturally from 
the tree without human interference ; and to the other class, 
all such as are collected by wounding, heating, etc., — the 
quantities so obtained being far greater than those recoverable 
by the natural method. This latter category, nowadays, 
comprises nearly the entire series of the resins, artificial 
means being necessarily resorted to for the systematic collec- 
tion of these bodies. 

Fr. Lewton would classify the resinous substances as 
follows : ^ — 

True Eesins. — Vegetable substances, hard, pulverulent, 
resembling gum in outward appearance, neither soluble in, 
nor softened by, cold water. They burn with a light, smoky 
flame, and contain much C, little 0, and no N. 

Chemical composition difficult to define ; usually mixtures 
of resin acids. 

Sub-groups : — 

• 

(a) Copal group. — These will not dissolve in the usual 

solvents unless themselves previously fused. 
(/8) Dammar group. — More or less soluble in ether, 

^ H. A., 1896, pp. 33 et seq. 

^ It should be stated that this classification, based on physical and chemical 
characteristics, is not altogether free from objection ; furthermore, that the 
characteristics based on solubility do not quite coincide with present day 
experience. The table is reproduced here for the sake of completeness, and as 
being worthy of attention, despite sundry deficiencies. 
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chloroform, benzene, acetone, turpentine oil, etc., 
but quite insoluble in alcohol. 

(7) Sandarach group. — More or less soluble in alcohol 

without the application of heat. Guaiacum also 
belongs to this group. 

(8) Colophony group. — Entirely soluble in alcohol. 

(e) Benzoin group. — Soluble in alcohol. Liberate benzoic 

or cinnamic acid when heated. 
(0) Shellac group. — Eesinous excretions caused by insect 

punctures. Form a turbid solution in alcohol. 
Inodorous Gum Eesins. — Vegetable excretions, destitute 
of volatile oils, and consisting of variable mixtures of gums 
and resin. They furnish an emulsion with water. Gamboge 
belons;s to this class. 

Aromatic Gum Eesins. — Like the above, but contain 
ethereal oils. 

Sub-groups : — ■ ^ ^ 

(a) Asafcetida group. — Mostly derived from umbelli- 
ferous plants, and give ofif a disagreeable smell. 
In addition to asafcetida, the group comprises 
galbanum, ammoniacum, and opopanax. 
(/8) Myrrh group. — These have a more or less agreeable 
aroma, and are, for the mogt part, derived from 
the Bitrseracece, Examples: Myrrh, olibanum, 
bdellium. 
Oil Eesins. — Vegetable excretions, consisting of resins 
and volatile oils, the former being frequently in solution in 
the latter, and therefore liquid. 
Suh-groups : — 

(a) Varnish group. — Produce a shiny coating when 
applied to any surface. Mostly derived from 
plants of the Anacardiacece family. 
(^) Copaiba group. — Sweet-smelling liquids, mostly 
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classified with the balsams, but differing therefrom 
by containing less resin. 
(7) Turpentine group. — Comprises the soft resins, 
containing larger or smaller amounts of volatile 
oils. Derived from Gonifercc, 
(o) Elemi group. — Soft resins, rarely containing above 
1 per cent, of ethereal oil. Derived from Burser- 
acem. 
True Balsams. — Vegetable excretions, consisting of 
resin, aromatic acids, alcohols, and esters. Examples : Peru- 
vian balsam, Tolu balsam, and liquid storax. 

Chemical Constituents of Resinous Substances. — With 
regard to these and their characteristics, the main features 
have been recorded by Tschirch ^ as follows : — 

1. He finds the main constituents to be — 

{a) Eesin esters (resins) or their products. 
(b) Eesin acids (resinoj^c acids). 
♦ (c) Eesenes, indifferent bodies of unknown classi- 
fication. 
Very few resins contain representatives of all three groups, 
the majority being either ester resins, resinolic acid resins, or 
resene resins. 

• Aroma, when present, is influenced by ethereal oils, 
aldehydes, or very small quantities of liquid esters, among 
which cinnamic acid esters, and especially the phenylpropyl 
ester of this acid, play a part. 

2. The aromatic acids forming resin esters, or resins, 
appear to be mutually related, and are divisible into two 
classes, one of which starts with benzoic acid, and the other 
from cinnamic acid. 

* In view of the oiroumstance that Prof. Tschirch is bringing out a work on 
TBBins and resiniferous plants, which will deal with the chemistry of the 
sabject, the present author confines himself to a brief r^sum^ of Tschirch's 
researches, and refers the reader to that authority's own book for fuller details. 



10 



ANALYSIS OF RESINS 



L Benzoic acid: CgH^COOH (Peruvian balsam, Tolu balsam, 
Siam benzoin, dragon's-blood). 
Benzoylacetic acid : 

CH,(C6H5CO)COOH (dragon's-blood). 

Salicylic acid : 

p„ 0H(1) 
^«"*<C00H(2) 

(Ammoniacum). 

II. Cinnamic acid: C6H5.CH = CH.COOH (Tolu balsam, Peru- 
vian balsam, storax, Sumatra benzoin, yellow acaroid resin). 
[/?-Phenylbydracrylic acid : 

CgH^qOH) = CH.COOH 
(Pbenyl-^-mono-oxy-acrylic acid) 

(probably in dragon's-blood).] 

p-Cumaric acid : 

^ ^ CH = CH.COOH (4) 
(yellow and red acaroid). 

Ferulaic acid : 

/OH (1) 

CeH3^0CH3 (2) 

XH = CH.COOH (4) 
(Asafoetida). 

XJmbellic acid : 

/OH (1) 
CeHg^OH (3) 

^CH = CH.COOH (4) 

and its anbydride, umbelliferon (in asafoetida, galbanum, saga- 
penum). 

The aromatic acids forming resin esters are therefore 
mostly oxyacids. Of the fatty acids only the resin ester of 
succinic acid (amber) has hitherto been observed. 

3. The resin alcohols forming resin esters are either 
colourless : resinols — in which case they do not give 
the tannin reaction ; — or are coloured, and answer to the 
tannin reaction : resinotannols. 
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A, Resinols. — Four members of this series are known : — 



Succinoresinol : CjgHgoO, in amber (Tscbirch and Aweng). 
Storesinol : CjgHgoO, or CggH^gOg, in storax (von Miller). 
Benzoresinol : CigH25(OH)0, in benzoin (Tscbirch andLiidy). 
Cbironol : C28H47(OH), in burs, opopanax (Tscbirch and 

Baur). 
Amyrine (CgoH^gOH) may also belong to this series. 

Of the resinols, storesinol is certainly allied to benzo- 
resinol, the spectrum analysis of the solutions in concentrated 
sulphuric acid placing this beyond doubt. If the simple 
formula be taken as a basis there is absolutely no difierence 
in percentage composition between succinoresinol and sto- 
resinol. Hence these substances are apparently related to one 
another. All the resinols belong to the aromatic series. 

B. Resinotannols. — The following are known ; — 

Siaresinotannol : Q^^^^j^lS^^ in Siam benzoin (Tscbirch 

and Liidy). 
Sumaresinotannol : 64811^903(011), in Sumatra benzoin 

(Tscbirch and Liidy). 
Peruresinotannol : Ci8Hj904(OH), in Peruvian balsam 

(Tscbirch and Trog). 
Toluresinotannol : Q,^>^^>f)^^)^ in Tolu balsam (Tscbirch 

and Oberlander). 
Galbaresinotannol : Ci8H2902(OH), in galbanum 

(Tscbirch and Conrady). 
Ammoresinotannol : Ci8H2902(OH), in ammoniacum 

(Tscbirch and Luz). 
Sagaresinotannol : C24H2704(0H), in sagapenum (Tscbirch 

and Hohenadel). 
Dracoresinotannol : C8H90.(OH), in palm dragon's-blood 

(Tscbirch and K. Dieterich), C24H3QO4. 
Panaxresinotannol : Cg^H^gO-COH), in burs, opopanax 

(Tscbirch and Baur), C17H25O4. 
Xanthoresinotannol : ^^^^f^^i^^ in yellow acaroid (Tscbirch 

and Hildebrand). 
Erytbroresinotannol : C4QH40O10, in red acaroid (Tscbirch 

and Hildebrand). 
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On looking over these formula?, the first thing to strike the eye 
is that six of the resinotanuols contain multiples of six carbon- 
atoms — Siaresinotannol, sumaresinotannol, peruresinotannol, 
galbaresinotannol, ammoresinotannol, and sagaresinotannoL 

Probably dracoresinotannol belongs to this series as well. 
Furthermore, it is evident that galbaresinotannol and ammo- 
resinotannol have the same percentage composition, and that 
peruresinotannol differs from sumaresinotannol by merely a 
single oxygen atom. There are, however, other points of 
resemblance. Thus peruresinotannol is a homologue of 
toluresinotannol (differing only by a surplus of CHg), and 
xanthoresinotannol seems to be a homologue of erythroresino- 
tannol, the difference amounting to 3 CH3, Similarly, relation- 
ships exist between sagaresinotannol and xanthoresinotannol ; 
and probably panaxresinotannol also belongs to the group with 
18, or IV, carbon atoms. Finally, it can be seen that all the 
rosinotannols contain only a single hydroxyl in the molecula 
The readiness with which picric acid is formed when the 
ix^sinotannols are treated with nitric acid, rather indicates 
that tliis HO is connected with a benzene nucleus and not 
with one of the side chains, i.e. is cyclostatic, not strepto- 
^itatic. Picric acid is most readily formed from the tannols 
i>f acaivid resin, thouc^h all the others also yield the same 
^nnluct without difficulty. In the case of ammoresinotannol 
and stigaresinotannol, styphnic acid (trinitroresorcin) is ob- 
Lc^iiud» whilst galbaresinotannol furnishes camphoric acid and 
caun>horv)nic acid. When fused with potash, tatty acids appear, 
and iu some cases protocatechuic acid, or resorcin, is formed. 
The ^vwiuotannols, therefore, also belong to the aromatic series. 

4. The res-in acUU or resinolic ««/./>•, which chiefly occur in 
tho fit^e state in resins, are, so far they have been investigated, 
all oxyacids, i e. contain hydroxyl and carboxyl. Their com- 
position is as follows : — 



= ^64^82^5 < 
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Podocarpic acid : C1.J.H22O3, in podocarpin resin (Oudemans). 
Abietic acid : C^^Kq^O^, in colophony (Maly). According to 
Mauch the formula is CigHogOg. 

Pimaric acid : CgoHgQOg, in pine resin (Maly). 

Succinoabietic acid : CgoH^goOg, in amber (Tschirch and Aweng). 

Sandaracolic acid : C^gHggO-, in sandarach (Tschirch and Balzer). 

.OCH3 
= C43Hgi03— OH 

^COOH 

Callitrolic acid : CggHg^Og, in sandarach (Tschirch and Balzer). 

OH 
COOH 

Trachylolic acid : CsgHggOg, in copal (Tschirch and Stephan). 
Isotrachylolic acid : CggHggOg, in copal (Tschirch and Stephan). 
Dammarolic acid : CggHgQOg, in dammar (Tschirch and Glimmann). 

.OH 
= C,,H,,03f COOH 
^COOH 

Guaiacic acid : CgoHggO^, in guaiacum (Hlasiwetz).^ 
Guaiaconic acid : C^pHooO^, in guaiacum (Hadelich). 
Copaibic acid : CooHg^O.,, in copaiba balsam (Schweitzer). 

The other acids in copaiba and elemi also probably belong 
to the resinolic series. 

Certain relations appear to exist among the resin acids. 
Thus the only dijBPerence between trachylolic acid, its isomers, 
and dammarolic acid is one of eight hydrogen atoms, so that 
the first named may be regarded as to some extent an 
orthohydrodammarolic acid ; and sandaracolic acid can, on the 
basis of Maly's formula, be considered as a homodioxyabietic 
acid. That furthermore, succinoabietic acid is allied to abietic 
acid may also be presumed from a comparison of the formulae, 
all that is necessary being to double that of the last-named 
acid. Again, the acids in guaiacum appear to be related to 
one another and also to copaibic acid and pimaric acid. If 

^ These reports on guaiacic acid have been recently modified by the labours of 
Dobner, Liicker, Herzig, and Schiff. 



14 ANALYSIS OF BESINS 

Mauch's formula for abietic acid be taken as the basis, then 
pimaric acid is homoabietic acid, and abietic acid becomes 
still mo»e closely connected with copaibic acid and the 
acids of guaiacum. 

Still closer relationship seems to exist between succino- 
abietic acid and pimaric acid. If the formula of the latter 
be multiplied fourfold, it may be considered as a heptoxy- 
succinoabietic acid, and copaibic acid corresponds exactly, 
in percentage composition, with pimaric acid. Only a single 
hydroxyl radicle can be detected in any of the resin acids ; 
but whereas some of them contain only one carboxyl (sandara- 
colic acid, podocarpic acid), others have two (dammarolic 
acid, trachylolic acid, succinoabietic acid, and abietic acid.) 

A noteworthy circumstance is the relatively great resist- 
ance offered by many resinolic acids to potash in a state of 
fusion, as also the fact that both abietic acid and succino- 
abietic acid furnish succinic acid when fused with potash. 

5. The resettles undoubtedly form the most difficult class 
of the constituents of resin, and their resistance towards the 
majority of reagents renders their classification impossible for 
the present. They are neither hydrocarbons nor alcohols, 
acids, esters, ketones, nor aldehydes, but, so far as they have 
been examined, appear to belong to the aromatic series. They 
are all insoluble in potash. This resistance, however, is just 
the quality that places them for practical purposes among the 
most valuable constituents of the resins,^ since the value of a 
resin in practice is so much the higher in proportion to its 
power of resisting manifold attacking influences. The follow- 
ing rescues are known : — 

^ Hence we find the resins employed for varnish-making, e.g, copal, dammar, 
dragon's-blood, etc. , contain relatively large amounts of resenes. Whether this 
is a predominant factor in determining their value, and a quantitative examina- 
tion is desirable, is a matter that would repay attention and prove of interest to 
the valuation of copal, etc. 
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a-Panaxresene : C32H54O4, in burs, opopanax (Tsjchirch and 
Baur). 

/?-Panaxresene : CggH^gO^, in burs, opopanax (Tschirch and 
Baur). 

a-Dammarresene : C33H52O3, in dammar (Tschirch and Glim- 
mann). 

^-Dammarresene : CgjIIggO, in dammar (Tschirch and Glim- 
mann. 

Fluavil : C^QH.Qfi^, in gutta-percha (Tschirch and Oesterle). 

Alban : C^oH-Qfi^y in gutta-percha (Tschirch and Oesterle). 

a-Copalresene : 025^23^4* ^^ copal (Tschirch and Stephan). 

Dracoalban : 020^4004? ^^ palm dragon's-blood (Tschirch and K. 
Dieterich). 

Dracoresene : CggH^^Og, in palm dragon's-blood (Tschirch and 
K. Dieterich). 

Myroxoresene : C^B.^qO, in the fruit of myroxylons (Tschirch 
and Germann). C21H3QO3. 

That the two panaxresenes are allied is seen by com- 
paring their formulse. The /3-panaxreseue is apparently an 
oxidation product of the a-resene. The same applies to 
fluavil and alban, as also to the dammarresenes. Moreover, 
a close relationship probably exists between the panaxresenes 
and the dammarresenes, as also between fluavil and alban on 
the one hand, and a-copalresene on the other. 

In addition to the above-named resins, Tschirch has also 
investigated asafoetida, guaiacum, olibanum, aloe resin, shellac, 
bisabol myrrh, opopanax (from Umbelliferce), etc.; and the 
same authority has compiled the following table of resins 
obtained from Burseracece : — 



[Table. 
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18 ANALYSIS OF RESINS 

The foregoing results point to a fairly general concordance 
in the composition of the drugs in question ; and, compared 
with other groups, a complete retirement of esters and alcohols, 
whilst the resin acids and rescues, together with the gums, 
form the main constituents. Specially noteworthy is the 
approximation of the empirical formulae of boswellic and 
chironolic acids, and still more so that of the a- and /8- 
panaxresenes. 

A comparative table (see preceding page) of the chief 
resinotannols has also been compiled by Tschirch. 

Finally, mention may be made of an interesting tabulation 
by Halbey of the behaviour of the constituents of resin 
towards the cholesterin reactions, the results being all the 
more interesting from having been obtained with the pure 
substances, and not the crude mixtures ; hence the colour 
reactions may be regarded as perfectly reliable. Eecently 
also, K. Dieterich has recommended working with the isolated 
resin acids and alcohols in quantitative estimations, in the 
same way as adopted for fats ; since just as certain reactions 
of oils and fats are characteristic for the corresponding pure 
constituents alone, so the investigation of the isolated 
constituents of resins may lead to better concordance in 
the resulting values. The cholesterin reactions are given 
in the subjoined tables. 

On the basis of the oxidation, reduction, and fission 
products of the substances hitherto found in resins, and 
also of the potash-fusion test,^ the resins and their 
constituents may be regarded, almost without exception, 
as aromatic, and not aliphatic, derivatives. 

Whereas nitrogenous bodies are rarely, if ever, found 
in the gum resins, balsams, and resins, sulphur compounds 

^ See Wiesner and Hlasiwetz, Die technisch verivertheten Balsame, Uarzc, 
und Oummiharzey 1869, pp. 70 et seq., 81-84. 
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are more frequent, e.g. in asafoetida, succinite, and sagapenum. 
It is one of the main advances made in the modern chemistry 
of resins that substances formerly looked upon as uniform 
have now been separated into several well-defined constituents. 
To these results — a valuable success attained by Tschirch 
and his pupils — we are indebted for a further advantage, 
viz. the possibility of more uniform nomenclature for the 
resins ; and the names introduced by Tschirch, such as resins, 
resinols, resinotannols, resinolic acids, rescues, etc., are now 
well known and adopted generally. 



[Table. 
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Uses of Resins. — These substances are widely utilised 
for technical, medicinal, and pharmaceutical purposes. 
Colophony, elemi, dammar, mastic, copal, amber, sandarach, 
and other light - coloured resins are more particularly 
employed in the preparation of varnishes, though some of 
them, e.g. copal, dammar, and amber, have to undergo certain 
preparatory treatments, such as distillation, fusion, etc., in 
order to convert the hard and comparatively insoluble resins 
into soluble products. The copal varnishes are the most 
highly esteemed of any. Colophony and acaroid resins are 
used for sizing paper, and are also distilled for the production 
of gas and resin oil, colophony, in particular, being very 
largely employed for this purpose. For pharmaceutico- 
medicinal uses — preparation of plasters, ointments, etc. — 
the balsams, storax, turpentine, colophony, and gallipot are 
utilised ; and copaiba and Peruvian balsam belong to the 
category of highly efficacious medicaments. The turpentines 
in particular are worked up into a large number of primary 
and secondary substances, and furnish oil of turpentine, 
colophony, various kinds of pitch, resin oils, resina pini, etc. 
The gummy substances left behind in the treatment of gum 
resins are largely used as agglutinants. Taken altogether, 
the employment of resinous substances has been exceedingly 
varied and extensive from time immemorial. 

Identification of Resins; Qualitative and Colour 
Reactions. — At first, qualitative methods alone were employed 
in the analysis and identification of resins. The colour re- 
actions, in particular, were very numerous, and some of these 
are still employed in the absence of better methods. So great 
was the complexity of these various reactions, and so con- 
flicting the results obtained therewith, that it is a source of 
gratification that modern attempts at establishing quantitative 
methods have shown they can be dispensed with. The most 
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important colour reactions of a general character are those 
of Storch-Morawski, EUram (vanillin-sulphuric acid), and 
above all, the cholesterin reactions already described as due 
to Tschirch and his pupils. Mauch's proposal to perform 
the colour reactions with the oils isolated by means of 
chloral hydrate must also be considered a progressive step. 
Numerous special colour reactions, etc., are due to Hirschsohn ; 
and, just as in the case of fats and oils the fatty acids are 
now considered the fittest subjects for the colour reactions, 
so Tschirch, by determining the cholesterin reactions of the 
resinotannols and the resinols, and K. Dieterich, by employing 
the resin alcohols and resin acids as the basis of quantitative 
and qualitative analysis, have brought the examination of 
the resinous substances more into line with that of the fats 
and oils, and therefore into a more reliable path than hitherto. 

As already mentioned, and will be shown later on, the 
future of resin analysis, just as in the case of the fats and oils, 
lies in the selection of quantitative methods in preference to 
qualitative and colour reactions. 

Identification and General Reference to Quantitative 
Methods of Testing. — The quantitative analysis of resins is 
divided into two branches — (1) quantitative identification ; 
and (2) actual quantitative investigation for purity. Although 
the identity of a resin can mostly be determined by the 
external and physical characteristics, and confirmed by its 
chemical behaviour and the above-mentioned qualitative 
reactions, there are also certain quantitative constants, such 
as the acid, ester, and saponification values, which aflFord 
information, not only as to whether the product is really the 
resin it is supposed to be, but also whether it is free from 
extraneous admixtures. 

Melting-point, Specific Gravity, Ash, Moisture, Special 
Determinations. — Further quantitative estimations that may 
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be performed are : the conditions of solubility, melting-point, 
specific gravity, percentage of ash and moisture, and such 
special determinations as testing for cinnamein in Peruvian 
balsam, the carbonyl, methoxyl, acetyl values, and the 
investigation of the resin acids and resin alcohols. 

Solvents. — The principal quantitative methods of testing 
for purity are not such as are applicable to merely sub- 
ordinate constituents of the resins — e,g, the carbonyl value — 
but those referring to the main constituents. To this class 
belong the acid and saponification values, or the quantitative 
determination of the portions extractable by various solvents 
— alcohol, ether, etc., and, more recently, chloral hydrate 
(Mauch^) — as formerly practised by Guichard, Hirschsohn, 
Kremel, E. Dieterich, etc., and continued by K. Dieterich. 

An interesting precursor of chloral hydrate for this pur- 
pose was sodium salicylate, which, according to Conrady, is 
capable of partially or entirely dissolving numerous resins 
and gum resins. Flemming's method of dissolving copal and 
amber in epi- and di-chlorhydrin is also worthy of mention ; 
and the following table shows the results of Valenta's appli- 
cation of these solvents to a large number of resins : — 



Resin. 


Epichlorhtdrin. 


• 

DiOHLORHYDRIN. 


Klemi. 


Readily and completely soluble, 
both in the cold and the warm, 
forming yellow to greenish solu- 
tions, which leave a clear, sticky 
residual layer on evaporation. 


Readily and completely 
soluble. The solution 
turns brown when warmed . 


Mastic. 


Readily soluble in the cold or 
warm. Solution pale yellow, leav- 
ing a lustrous, colourless layer on 
evaporation. 


Less readily soluble. 
The solution turns brown 
when warmed. 



^ Dissertation, Strassburg, 1899. 
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Resin. 



Dammar. 



Courbaril 
Copal. 



Dragon's- 
blood. 



Sandarach. 



Zanzibar 
Copal. 



Angola 
Copal. 



Manila 
Copal. 



Epichlorhtdrin. 



Imperfectly soluble ; more readily 
so in the warm. The clear yellow- 
ish filtrate gives a solid, clear, 
colourless layer of varnish. 



Bleached 
Shellac. 



Imperfectly soluble in the cold, 
almost entirely so in the warm, to 
a clear yellowish varnish. 



Readily soluble, except for a 
brown residue. The solution is 
blood red, but gives a clear layer of 
varnish. 



Imperfectly soluble in the cold 
or warm. Solution pale yellow. 



Sparingly soluble ; imperfectly so 
even in the warm. 



Partially soluble in the cold, 
more readily in the warm. Solu- 
tion light yellow in colour, and 
gives a hard, clear stratum. 



Partially soluble in the cold, 
more readily in the warm. The 
faint yellow solution gives a solid 
varnish layer. 



Partially soluble in the cold (the 
insoluble portion swelling up to a 
gelatinous mass), almost completely 
so in the warm. Gives a yellow 
solution, and solid varnish layer. 



DiCHLORHYDRIN. 



Dissolves fairly readily 
to a brown solution in 
the cold. When warmed, 
the colour turns to deep 
brown -violet. 



Perfectly soluble in the 
cold to a yellow solu- 
tion, which turns brown 
when warmed. 



Imperfectly and less 
readily soluble ; solution 
yellowish red in colour. 



Dissolves perfectly in 
the cold to a brownish 
yellow solution, becoming 
deep brown when warmed. 



Readily and perfectly 
solublein the warm. Solu- 
tion yellowish, does not 
turn brown ; varnish layer 
dries very slowly. 



Partially soluble in the 
cold to a brownish solu- 
tion, turning dark brown 
when heated. 



More readily 
Solution turns 
when warmed. 



soluble, 
brown 



The greater part soluble 
in the cold. The brown- 
ish yellow solution turns 
brown when warmed. 
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Resin. 


Epiohlorhtdrin. 


DiCHLORHYDRIN. 


Elauri 
Copal. 


Partially soluble in the cold (the 
remainder swelling up), perfectly so 
in the warm. Colour pale yellow ; 
varnish clear. 


Almost perfectly soluble 
to brownish yellow solu- 
tion, which turns brown 
when warmed. 


Amber. 


Partially and very slowly soluble. 
Solution yellow. 


Sparingly soluble. The 
lumps of amber turn 
brown when heated. 


Asphaltum. 


Very sparingly soluble, cold or 
warm. 


Very sparingly soluble, 
cold or warm. 



With regard to the solubility of resinous substances, it 
may be remarked that a certain amount of error may be 
introduced into the quantitative determination of the soluble 
portions by the absorption of oxygen in drying, special atten- 
tion to which has been drawn by Weger's researches on 
oxygen absorption by resins. Furthermore, it should be 
remembered, in case of conflicting reports, that the age of the 
( resin and the time it has lain on the ground or covered up in 
/ the soil {e.g. dammar and sandarach) exercise great influence 
I on its solubility. When quite fresh, both dammar and san- 
darach, also recent fossil resins, are more readily soluble than 
after a long sojourn in the place of discovery. Thoroughly 
fossilised resins, like the true copals, are, in consequence of 
their age, either soluble with great difficulty or almost entirely 
insoluble. 

Sack gives the following particulars with regard to the 
solubility of the resins. His reports, however, do not corre- 
spond in a more than approximate manner with present-day 
experience : — 

Alcohol readily dissolves colophony, shellac, sandarach, and 
mastic, whereas elemi is only sparingly soluble, copal cakes 
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toj^eUier, and daniinar and amber are totally insoluble in this 
Holvont. 

Kther readily dissolves dammar, colophony, elemi, san- 
daracii, and mastic; copal swells up ; and amber and shellac 
remain undissolved. 

Acetic acid lias no action on any of the resinous substances 
oxcoi>t colopliony, wliich swells up. 

Cttustic iioiht readily dissolves shellac, but colophony ii 
only s{mrin«»ly soluble, and the others not at all. 

CtfHiOH tli'sulf>ln\lc nnidily dissolves dammar and colophony 
elenii. sandaraeli, and mastic with ditUculty ; copal swells up 
and shellac and amber remain insoluble. 

Oit x/ ti(ri*t'ntiiic is a very gixni solvent of mastic, and \ 
fair one of dammar, colophony, elemi, and sandarach, hu 
diV8 not dissolve shellac or amWr, and merely causes copal tx 
swell up. 

Kn^KK dissolves dammar, colophony, and mastic very well 
but is a p^H^r solvent of elemi and sjindarach, and does no 
dissolve amlvr or shellac. 

l\: • .v.. • : s':*i! * vlisc?olves only viammar and mastic well 
vvlophouy , elomi, and S5\ndan\oh hidly, and the others not at all 

K. .:■ .*i .s ■* , ;-' has no solven: aciion on copal a 
amlvr, ar.d dissv^*ves shoUac. elomi. ar.d s^iudaiuch with diffi 
cul:j\ bu: rtMaily cakes up dammar, v^olophony, and mastic 

A' :.-:;,: dissv^ves uouo of ihe n*s:ns, but cclophonT, witi 

» V^.•. •:' ^■^.■:* ^ .y.'^i- •.,• ,:,:.' vi:N^^\>:s aU :he n?$ins to browi 

svCii::or.s. c\vvv: vL^tum^ir, wl:.oV. :s:r:::<he^ d bri^rh- red liqnic 

The s«.^luV;l::v v*: :he resvs ::: c.^rrou vli-<?Vwlphide fonne 

Acid Yalttf^. rr,:s vvr,s:A::: :,- .u ?.::::::::, 5*?e IntToda< 

, • 5>A Ok'- •»« ■. .'i «-. 
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• of resina, was at first determiQed by dissolving the reaiii or 
balsam in alcohol and titrating the solution with alkali direct, 
in a manner analogous to the Hilbl method for fats ; in the 
case of gum resins it was customary to make an alcoholic 
extract, generally, as stated in the Preface, in a very question- 
able manner. As, with very many resins, especially where 
alcoholic extracts were used, the high coloration of the liquid 
rendered the titration very inaccurate, attempts have 
recently been made by K. Wieterich to obtain, by back titra- 
tion, a liquid better suited for the purpose in view. In this 
method the alkali serves at once to neutralise the add, and acts 
as a solvent. Moreover, it presents the advantage, especially in 
the case of ester-free resins like copal, sandarach, dammar, 
etc., that all the resin acids are quantitatively combined. 
That this is not always the ease with direct titration is shown 
by the results, which sometimes come out too low, and at other 
times are exceedingly variable. 

Again, with a number of resins which, like olibanura and 
asafoetida, are difficult to saponify by the cold process, the 
acid value can be determined by back titration, although they 
contain esters. In such cases the mixture may be left for 
twenty-four hours without fear of saponification occurring, the 
esters present being very slow to saponify, at least in the cold. 
On. the other hand, though with the various kinds of benzoin 
the acid value should be determined by back titration, the 
mixture should not be left for n^ore than five minutes, or 
saponification may ensue. The great advantage of back titra- 
tion with all these resins is that, unlike the direct method, no 
solution has to be prepared, and no extracts or dark coloured 
li([uids difficult of titration are obtained, but fairly pale, 
alkaline solutions of resin, easy to titrate, and furnishing a 
clearer end reaction from red to white or yellow, than the 
(hange fj'om brownish yellow to red given by the direct 
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-uKi'iuuitr. 'Jiecerich has elaborated a steam 
iUiuuuuus to the lieichert-Meissl method 
^^^ d :ue volatile portions of such resins as 
^^ jils^ diid similar constituents {r.fj, ammonia- 
This uiL'thod is, however, somewhat 
-4.^t» cuusiderable practice in its performance; 
► i.iau worked out a simpler process for 



—• *> 



together, a 
solvent. 

darach, and 
remain undi* 
Acetic rrr' 

except coloph 

Caustic >? -^jiuium, consisting in the back titration 

only sparingly-^'^^^^, oxcmcc, so that the above determina- 

^ALCei-s need not be performed except in 

:« jtiM» reason for employing back titration 

V ^iveu, namely, that the change from 

g the end-point is much sharper than 

^.Mwu to brown-red or red in direct titra- 

^ aMucioued that the commercial grades 

m^baaum have greatly deteriorated of 

^ values given by Dieterich as normal 

iu these substances can no longer be 

m-<MihtfT commercial qualities, but must 



Carbon di- 
elemi, sandaraf 
and shellac anr''*' 

Oil of turj' *** 
fair one of da" 
does not dissolvi " 
swell up. 

Benzol dissol' 
but is a poor sol 
dissolve amber or 

Petrolexim eth 
colophony, elemi, s 

Boiling linsc 
amber, and dissoh 
culty, but readily . 

Ammonia diss« 
ease. 

Concentrated tun 
solutions, except da . 

The solubility u. 
the subject of specia 

Acid Value. — 1 
tion to Part II.), wi.. 



v» 



ktion of myrrh is performed in 
r» back titration being impractic- 
tC Mollification. Most of the gum 
.iil^ aoluble in alkali, require to be 
and alcohol (each a quarter 



iid^A reflux condenser. 




ing the saponifica- 

effected as a rule by 

or weaker caustic 

,bl method for fats. 

orude resin, was 

subject to great 

tftifdrmity in the 
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performance of the method. Thus, Mills continued the 
saponification for eighteen hours in a closed flask ; Williams 
boiled for half an hour under a reflux condenser; Kremel, 
von Schmidt, Erban, Beckurts, and Briiche followed the 
same plan, but for the most part employed extracts from 
the drugs examined; and E. Dieterich also pursued the 
same course, but generally conpentrated the mixture until 
the alcohol was expelled, and then took up the residue 
again with water and alcohol. In consequence of this 
variability, K. Dieterich attempted an improvement con- 
sisting in employing for each kind of resin the special 
method of saponification found most suitable to the case. 
Thus a trial — yielding only negative results — was made 
with Tschirch's saponification method by passing hot steam 
through the alkaline liquid. Unfortunately none but 
very irregular decomposition values could be obtained, the 
method proving unsuitable for analytical purposes, though 
well adapted for saponification on a large scale. After 
further experiments, Dieterich succeeded in finding two 
saponification methods for the various resinous substances, 
on lines precluding decomposition values and ensuring 
perfect saponification, whilst furnishing liquids highly suitable 
for titration. These methods are the "cold" and "frac- 
tional" saponification tests. 

Cold and Fractional Saponification. — Of these methods 
the first named has been more particularly tried on resins, 
whilst the fractional method is more suitable to the gum 
resins, the latter containing substances accessible to the 
action of alcoholic alkali on the one hand and aqueous 
alkali on the other. These methods have proved applicable 
to a number of resins, the main advantage being that 
perfect saponification can be secured with the natural 
drugs without the necessity of preparing extracts or 
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solutions of the whole or a portion beforehand. Whilst 
in the cold saponification method the resin is simply left 
exposed to the action of benzine (sp. gr. 0*700) for twenty- 
four hours at room temperature, the fractional method 
entails a preliminary saponification with alcoholic alkali 
alone. A second saponification follows, which, just as the 
first was left for twenty-four hours in contact with the 
alcoholic alkali, is continued for twenty-four hours with 
aqueous alkali. The higher final values show that the 
gummy constituents of the gum resins are not completely 
saponified before the final aqueous treatment. 

Resin Value ; Total Saponification Value ; Gum 
Value. — The term " resin value " is applied by the author 
to the result of the simple alcoholic saponification + benzine, 
the result of the method employing alcoholic + aqueous 
alkali + benzine being named " total saponification value," 
whilst the difference between the two is the '*gum value." 
(An explanation of these terms is given in the Introduc- 
tion to Part II., p. 57.) 

Since the saponification proceeds in definite sections, 
and certain constituents of the resins and gum resins are 
saponified separately, the name " fractional saponification " 
is regarded as d propos. Certain resins, etc., which do not 
lend themselves to either of these cold processes, have still 
to be saponified by the hot method, under a reflux cooler 
and according to definite conditions. Special reference will 
be made at the conclusion of this section to the resins 
that can be saponified without recourse to heat. For such 
of the resinous products as have not yet been allotted 
any special method of saponification, the sole plan that 
can be accepted as uniform and suitable is that of saponi- 
fication for half an hour under a reflux condenser, and back 
titration after cooling, i.e. the method adopted by Hiibl for fats. 
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Ester, Ether, and Anhydride Values — When the acid 
and saponification values are determined in separate experi- 
ments, the ester and ether values are found by subtracting 
the acid value from the saponification value. Where the 
ester value is ascertained in the same experiment as, and 
subsequent to, the acid value, by neutralisation followed 
by a further addition of alkali and saponification by one of 
the aforesaid methods, the saponification value is obtained 
indirectly, by adding together the acid and ester values. 
The term " ester value " is used in all, or at least in the 
principal, works on the subject (such as those of Kremel, 
Williams, Beckurts and Brliche, E. Dieterich, K. Dieterich, 
etc.), and not " ether value." Consequently the former term 
is correct for these values and for the esteriferous resins, 
even though synonymous with " ether value " and obtained by 
the same means. The " anhydride value " which expresses 
the amounts of true inner anhydrides, lactones, ester-anhy- 
drides, and alcohol-anhydrides is not — as proposed by 
Benedikt — to be confounded with the ether and ester 
values. Benedikt also — ^in a manner decidedly open to 
objection — altered to " ether values " the values previously 
designated *' ester values " by Kremel, von Schmidt, and 
Erban. The author prefers to style all these values " ester 
values," since the true ethers, which would justify the term 
" ether value," have so far not been found in any of the 
resins but colophony. 

Constant Ether Value. — In the case of colophony 

which was first shown by K. Dieterich to be devoid of 

esters, but which, according to Henriques, contains ethers 

and lactones, it has been proposed by the last-named 

worker to apply the term " constant ether value " to the 

values referring to these constituents. In any event the 

term " ether value " is more appliqable to colophony than 
8 
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" ester value " would be, in the absence of any esters at all 
in that substance ; and, moreover, as at present esters alone 
are known to exist in all other resins, it follows that the 
term " ester value " should be confined to resins containing 
esters. It should be mentioned that the ester and saponifi- 
cation values of resins often express other and secondary 
reactions, not merely the phenomenon of hydrolysis alone, 
and that these constants must be regarded more as empirical 
than as theoretical and scientifically accurate values. 

For the further characterisation of the resins numerous 
methods have latterly been proposed, most of which are 
tedious and based on subsidiary constituents of the resins, 
nor have they sufficient practical importance to entitle them 
to mention, except as a matter of theoretical interest 
These comprise the acetyl (HO group) value method for 
resins (K. Dieterich), the carbonyl value method (CO and 
COH groups) by Kitt, the methoxyl value method (OCH3 
groups) by Gregor, and the examination of the resin acids 
and resin alcohols by K. Dieterich. (The definition of these 
different values will be found in the Introduction to Part II.) 

Acetyl Value ; Carbonyl Value ; Methoxyl Value. — In 
the method proposed by K. Dieterich^ for determining the 
acetyl value of resins, the 'substance is boiled under a reflux 
condenser, with an excess of acetic anhydride and a little 
anhydrous sodium acetate, until completely dissolved, or 
until it is evident that no further portion will pass into 
solution. The solution is poured into water, and the pre- 
cipitate then ensuing is collected and extracted with boiling 
water until perfectly free from all traces of uncoinbined 
acetic acid. The insoluble residues left by copal and dammar 
are also treated in the same manner. The dried acetylised 
products are then tested for the acetyl, acid, ester, and 

^ H.A., 1897, pp. 39-45. 
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saponification values by dissolving 1 grm. in cold alcohol 
and titrating with ^ normal caustic potash. The saponifi- 
cation is also efifected with |~n alkali for half an hour under a 
reflux condenser, and the product titrated back after cooling 
down and dilution with alcohol (not water). As in the case 
of fats, the difiference between the acetyl-saponification value 
and the acetyl-acid value gives the true " acetyl value." 

Kitt's " Carbonyl Value " : ^ — The substance under 
examination is warmed with sodium acetate and an accurately 
measured quantity of phenylhydrazine chloride in dilute 
alcoholic solution. The excess of hydrazine salt not sharing 
in the reaction is then ascertained by eliminating the nitrogen 
by oxidation with Fehling's solution and collecting the gas 
in a measuring tube. The carbonyl value, i.e. the percentage 
of carbonyl oxygen in the substance taken, is ascertained by 
the formula = V — Vo -^ — , wherein V — Vo indicates the 
difference in the volume of nitrogen reduced to or 760 mm., 
and S refers to the weight of the substance in grms. 

The Gregor- Bamberger "Methoxyl value" (Zeisel):^ — As 
this method entails the use of apparatus and special pre- 
cautions, it is considered preferable to repeat the author's 
own description in full. 

The Zeisel apparatus is made up as follows : — A reflux 
condenser, fed with water at 40°— 50°C., is fitted with a small 
flask, the neck of which is provided with a lateral tube for 
the introduction of carbon dioxide. The upper end of the 
condenser tube is connected with a Geissler potash apparatus 
which is charged with amorphous phosphorus suspended in 
water, and is placed in a water bath kept at about 50°— 60°C., 
its purpose being to free the current of alkyl-iodide vapour 
passing through from hydriodic acid and iodine vapour. 

1 Ch, Ztg,, 1898, p. 358. 

2 Oeit, Ch, Ztg„ 1898, Nos. 8 and 9. 
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The alkyl iodide is led into a 4 per cent, solution of silver 
nitrate in two successive flasks, the whole being generally 
retained and converted into silver iodide in the first one. 
In performing the experiment, the substance to be examined 
for methoxyl is heated along with lOcc. of hydriodic acid of 
sp. gr. 1*68, CO2 being passed through the apparatus. The 
experiment is complete when the liquid in the first flask 
has become clear above the deposit of silver iodide, and the 
silver iodide is then determined by gravimetric means. 

Since the publication of this method by Zeisel, the 
improvements made have been insignificant ; Herzig^ proposed 
to add acetic anhydride to the hydriodic acid used, whilst 
Benedikt and Gruessner simplified the apparatus. 

Certain modifications were recently proposed by myself^ 
for simplifying and quickening the method without impairing 
its accuracy, and which at the same time presented special 
advantages for technical investigations. They consist mainly 
in replacing the tedious gravimetric estimation of silver 
iodide by the equally precise and quicker method of Volhard, 
the alcoholic normal silver solution being acidified with nitric 
acid in order to hasten the decomposition of the alkyl iodide. 

In charging the Geissler apparatus the use of amorphous 
phosphorus suspended in water is replaced by a solution of 
equal parts of potassium carbonate and arsenious acid in 
10 parts of water, thus avoiding the reduction of the 
silver nitrate, in the tube dipping into the first flask, by 
the amorphous phosphorus. The arsenious acid fixes any 
stray iodine, being itself oxidised to arsenic acid, whilst 
the excess of potassium carbonate fixes the hydriodic acid, 
liberating merely the innocuous gas COg. 

Another advantage in the use of arsenious acid wa& 

^ Monatshefte fiir Chemie, 1888,. ix. 
^ Monatshefte fiir CTieviie^ 1895, xix. 
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discovered in the course of the work, viz. when a substance 
containing sulphur is subjected to the methoxyl test, and 
amorphous phosphorus suspended in water is used, the 
liberated sulphuretted hydrogen, which of course cannot 
be retained in the ' Geissler apparatus, precipitates silver 
sulphide from the silver nitrate solution. 

This was already known to Zeisel,^ who therefore 
abstained from applying the method to bodies containing 
sulphur. 

In making methoxyl determinations with sulphurous 
resins I observed a separation of arsenic sulphide in the 
Geissler' apparatus charged with arsenious acid solution, 
but the silver nitrate in the receiver was free from traces 
of silver sulphide. It is necessary in such cases to keep 
the arsenious acid solution more dilute than usual, other- 
wise a copious deposition of arsenic sulphide may choke 
up the tubes of the Geissler apparatus. 

To simplify the calculation when Volhard's titrimetric 
method is used, I employ a ^ solution of silver nitrate, dis- 
solving 17 grms. of pure crystalised AgNOg in 30 c.c. of 
water, and making the solution up to 1 litre with com- 
mercial absolute alcohol. This solution is standardised on 
^ potassium thiocyanate, which in turn is titrated with 
aoueous ^ silver nitrate. The standard of the alcoholic 

^ 10 

solution undergoes some change on keeping, and must 
therefore be tested again. 

For ordinary analyses it is sufl&cient to use 50 c.c. of 
the silver nitrate solution in the first flask, and 25 c.c. in 
the second, after acidification with a few drops of nitric 
acid free from nitrous acid. After the reaction is termin- 
ated — Zeisel's conditions being otherwise maintained through- 
out — the clear liquid above the silver iodide is poured off 

^ Monatshefte filr Chemky 1886, vii. 
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into a 250 c.c. measuring flask. The silver nitrate solution 
in the second flask is diluted with water and poured into the 
same measuring flask, the contents of which are thereupon 
made up to the mark with water, agitated well, and passed 
through a folded filter into a dry vessel. 

For the titration, 50 or 100 c.c. of the filtrate are used, 
after suitable acidification with nitric acid (free from nitrous 
acid) and an addition of ferric sulphate solution. 

The following example may serve as typical of the 
method : — 

12 064 grm. of Peruvian balsam was employed. Of 
the filtrate from the receiver — containing 75 c.c. |^ silver 
nitrate solution made up to 250 c.c. — 50 c.c. consumed 
11*5 C.C. of ^ potassium thiocyanate; consequently the total 
amount would consume 11*5 x 5 = 57*5 c.c. ^ potassium 
thiocyanate, whilst the remaining 17' 5 c.c. of ^^ silver nitrate 
was consumed in the production of silver iodide. 

Now in order to determine the methoxyl value, it is 
merely necessary to multiply by 0015 the number of 
C.C. of ~ silver nitrate consumed, since 1 c.c. of ^ silver 
solution is the equivalent of 00 15 grm. of methoxyl. Hence 
in this case the methoxyl value is 0*0015 x 17*5 = 0*2625, 
or, calculated to 1 grm. of Peruvian balsam, 0*0217, i.e, 21*7. 

By using the Volhard titration the entire operation is 
complete within two hours, whereas with the Zeisel gravi- 
metric method the work takes much longer. The values 
obtained by the two methods are very concordant, as evi- 
denced in the examples published (I.e.), and I, therefore, 
prefer the " titrimetric method." 

The present is not a suitable occasion for discussing 
the value of these new methods, and all that need be said 
is contained in the following r^sum^ of the author's paper 
(Chem, Rev,, 1899, No. 10): — 
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" In summing up, it may be stated that the newer methods 
of determining the acetyl value (K. Dieterich), carbonyl 
value (Kitt), methoxyl value (Gregor- Bamberger), may be 
welcomed as quantitative methods for characterising resins — 
provided they are properly applied to the appropriate resins — 
and also as supplementing the known methods of identification ; 
but, owing to their limited applicability and tedious character, 
are by no means capable of replacing, far less superseding, 
the existing simple methods for determining the acid, 
ester, saponification, and other values which have proved so 
useful for identification and the detection of adulteration." 

Resin Acids ; Resin Alcohols and their Characteristic 
Values. — The author has repeatedly recommended the 
employment of the isolated resin acids and alcohols in 
connection with the analysis of resins. N'aturally it would 
be necessary to accumulate further data, which are at 
present scanty, on such points as the difference between 
the resins and the pure resin acids — in ester-free resins — 
or the resin alcohols in resins containing esters. In this 
connection compare the reactions, already given, of the 
resinotannols, and the cholesterin reactions of the con- 
stituents of resins. 

Separation of Resin Acids and Fatty Acids. — Gladding 
and Twitchell examined mixtures of fatty acids and resin 
acids, and recommended the following method for their 
separation : — 

In the case of a fatty acid adulterated with resin, about 
0*6 grm. of the substance is dissolved in 20 c.c. of 95 per 
cent, alcohol. To this solution is added a trace of phenol- 
phthalein, and a solution of alcoholic potash is run in, drop 
by drop, from a burette, with continued stirring, until the 
indicator has assumed a dark red colour, characteristic of 
alkalinity. 
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After adding one or two drops of the potash solution in 
excess, the flask containing the liquid is placed on the water 
bath and the contents boiled for ten minutes. When cold, 
the whole is poured into a 100 c.c. test tube, the flask 
washed with ether, and — the whole being made up to 100 
C.C. with this solvent — the tube is corked and shaken up 
thoroughly. 

Next, 1 grm. of finely divided silver nitrate is introduced 
and shaken up well for ten to fifteen minutes, until the floccu- 
lent deposit of silver stearate or oleate has collected together at 
the bottom of the tube. Then 50-70 c.c. of the clear liquid are 
removed by means of a pipette, and transferred to another 
100 c.c. test tube, where a further small quantity of silver 
nitrate is added to remove the fatty acid still in solution. 
The clear liquid is then mixed with 20 c.c. of dilute hydro- 
chloric acid (one-third 21 per cent. HCl. and two-thirds 
water); an aliquot part of the supernatant ethereal solu- 
tion is evaporated in a platinum basin, the residue — dried 
in the steamer — being resin, accompanied by a little oleic 
acid. Direct experiment has shown that, under these con- 
ditions, 10 c.c. of ether retain on an average 0*00235 grm. 
of oleic acid, so that the results of the analysis may be 
corrected by means of this coefl&cient. The method is 
applicable to the determination of resin in linseed oil, soap, 
etc. 

This method has been tried and modified by Ulzer and 
Defris,-^ who published the results they obtained in the 
quantitative estimation of fatty acids in presence of the resin 
acids of shellac and pine resin. They found a considerable 
difference in the behaviour of these two classes of resin 
acids. A dark sample of shellac furnished, by the Gladding 
method, only 13*76 per cent, of resin acids, the silver salts 

''■Zeits. f. Analyt. Chem., 1897, p. 27. 
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of which were for the most part insoluble in ether, whereas 
those from pine resin acids are soluble. When applied to 
the analysis of a mixture of 51 per cent, colophony and 
49 per cent, shellac acids, the above separation method gave 
48*46 per cent, of resin acids; but the concordance here 
experienced must be ascribed to a compensation of the 
sources of error, the colophony containing 12*9 per cent, 
of unsaponifiable constituents, and the shellac, 13*76 of acids 
resembling resin in character. A technical sample of varnish, 
composed of colophony and shellac, gave, after the expulsion 
of the alcohol, an iodine value 80*87, an acid value 111*30, 
and the saponification value 190*40, from which data the 
composition deduced was: colophony, 69*2 per cent., and 
shellac, 30*8 per cent. The separation method gave 63*7 
per cent, of resin acids. From the above acid value, the 
composition would be expressed by: colophony, 59*3 per 
cent., and shellac, 40*7 per cent. Finally, the behaviour of 
the shellac acids in presence of the Twitchell method was 
examined, the result showing that, as in the case of fatty 
acids, the shellac resin acids form esters under the influence 
of a current of hydrochloric acid gas. 

Copal resin acids were also examined by the Gladding 
and Twitchell method. Is was found that the Gladding 
method could not furnish quantitative results, the reason for 
this being that a portion of the sodium soaps is separated 
from the alcoholic solution during neutralisation, the pre- 
cipitation being increased by the subsequent addition of 
ether. The Twitchell method gave 81*01 per cent, of resin 
acids from Angola copal, and 86*37 per cent, from Cowrie 
copal. 

Although belonging rather to the domain of fat analysis, 
the above method is referred to here because it is based 
on the properties of different resin acids, and because 
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mixtures of resins and fats are largely used for technical 
purposes, and the chemist has frequently to undertake the 
separation of resin acids from fatty acids in resin analysis, 
just as the converse separation has to be efifected in fat 
analysis. As Weger very rightly pointed out in his 
researches on oxygen absorption by resins, the above 
method cannot give more than relatively correct values, 
since, in the course of drying, the resin acids are subjected 
to the oxidising influences described by Weger, which afifect 
the results to a considerable extent. 

Iodine and Bromine Values. — We have already seen 
that, in a chemical sense, the relationship between fats and 
resins is, so to speak, nily but that, nevertheless, the methods 
employed for the examination of the former bodies can also 
be successfully applied to the latter. Less satisfactory, 
however, are the iodine values and the bromine values 
determined by Iliney, Mills, and Muter; but, according to 
K. Dieterich, these are of subordinate importance for the 
resins — as other authors have also shown, in special instances 
— the conclusions drawn from the iodine value being very 
liable to error, apart from the inaccuracy caused, in the 
determination of this value, by the dark colour of the liquid 
for titration and by the use of extracts instead of the natural 
drugs. Consequently the bromine and iodine values are 
merely mentioned here, and are altogether omitted from the 
special part, for the reasons aforesaid. 

Suitable Quantitative Methods. — The following quanti- 
tative methods are in use for, and are applicable to, the 
estimation of balsams, resins, and gum resins : — 

a. Acid value, by various methods. 

h. Ester value, direct or indirect. 

c. Saponification value, or resin value and gum value, by 
various methods. 
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d. Percentage of moisture. 

e. Ash. 

/. Percentage soluble in alcohol. 
g. Percentage insoluble in alcohol. 
h. Specific gravity. 

i. Percentage soluble in other solvents, 
urther : 

h Special determinations, such as cinnamein and 

resin esters in Peruvian balsam. 
I. Identity reactions, partly coinciding with a, &, 

and c. 
m. Acetyl, carbonyl, and methoxyl values. 
n. Examination of the resin acids and resin alcohols. 
0. Qualitative reactions, 
ccording to the nature of the substance under examina- 
he following methods of determining the important acid 
iponification values are available. 
^stematic R4sum4 of the Performance of the Acid 
•aponification Value Tests. 
. Acid Value. 

L. By direct titration (S.-Z. d.)^ : 

(a) Of the complete solution of the soluble resinous 
matter in alcohol, chloroform, etc. 

Performance, — 1 grm. of the substance is 
dissolved in a suitable solvent or mixture, and ^ 
is titrated with alcoholic | or ^^ caustic potash in 
presence of phenolphthalein, until a red coloration 
is produced. 

Examjples. — Nearly all such resins as are soluble, 
and for which no special method has yet been 
prepared. 

T the definition of these abbreviations, see Preface, and Introduction to 
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(/8) After the preparation of an alcoholic extract, in 
the case of imperfectly soluble resins, the said 
extract being employed for titration. 

Performance, — Exactly similar to a, except 
that the result is calculated to 1 grm. of the 
extract instead of 1 grm. of the crude product. 

Examples. — Gum resins, benzoin, storax. 
(7) Of the solution obtained by extracting a partially 
soluble resin with alcohol and water. 

Performance. — One grm. of the finely ground resin 
is extracted by boiling with 30 c.c. of water under 
a reflux condenser for fifteen minutes, followed 
by an addition of 50 c.c. of 96 per cent, alcohol, 
and re-boiling for an equal period. After cooling, 
the extract is titrated, without filtration, with 
I alcoholic caustic potash and phenolphthalein, 
until a red coloration appears. 

Examples. — Myrrh, bdellium, opopanax, and 
sagapenum. 
2. By back titration (S.-Z. ind.) : 
(a) In the case of entirely (or nearly) soluble resins, 
free from esters, where the alkali combines with 
the acid, and at the same time dissolves the whole 
of the resin. 

Method. — One grm. of the finely divided (ester- 
free) resin is left in contact with 25 c.c. of 
I alcoholic potash and 50 c.c. of benzine in a 
stoppered flask for twenty-four hours — or until 
solution has been carried as far as possible — and 
is then titrated back with | sulphuric acid and 
phenolphthalein. 

Examples. — Dammar, sandarach, mastic, guaia- 
cum, copal, etc. 
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(/8) In the case of partially soluble — esteriferous, but 
sparingly saponifiable — ^resins, where the alkali fixes 
the acid and extracts the acid constituents. 

Method, — One gmi. of the finely powdered sub- 
stance is left for twenty-four hours in contact with 
10 C.C. of alcoholic ^ potash and 10 c.c. of aqueous 
I potash in a stoppered flask; it is then mixed 
with 500 c.c. of water and titrated back. 

Examples, — Asafcetida, olibanum. 
(7) Eesins that are only partially soluble and contain 
esters, an aqueous alcoholic extract being employed. 

Method. — One grm. of the finely divided resin is 
boiled for fifteen minutes under a reflux condenser 
with 50 C.C. of water, after which 100 c.c. of 
strong alcohol are added and the whole is boiled up 
again for another fifteen minutes. After cooling, 
the liquid and substance are made up to 150 grms. 
and filtered, 75 c.c. of the filtrate (= 0*5 grm. of 
substance) being treated for exactly five minutes 
with 100 c.c. of alcoholic | potash, and then 
titrated back with J sulphuric acid. 

Examples, — Ammoniacum, galbanum, gamboge. 
(S) In the case of resins which contain esters, are 
almost entirely soluble, and saponify readily : the 
natural drugs are used. 

Method, — Ten c.c. of \ alcoholic potash are left 
to act for five minutes on the finely divided natural 
drug, and the solution is then titrated back. 

Examjple, — Benzoin. 
3. By estimating the volatile acids (in the case of gum 
resins rich in ethereal oils) (S.-Z. f.). 

Method, — One-half grm. of the substance is 
suffused with a little water in a flask, and a current 
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of steam is passed through, the flask being placed on 
a sand bath to prevent excessive condensation. The 
receiver is charged with 40 c.c. of aqueous | potash, 
into which dips the tube from the condenser. 
Exactly 500 c.c. of distillate are collected, the 
condenser tube is swilled out well with distilled 
water, and the whole is titrated back in presence 
of phenolphthalein. In this case the acid value 
gives the number of mgrms. of KHO neutralised 
by 500 C.C. of distillate from 0*5 grm. of 
resin. 

Examples, — Ammoniacum, galbanum. 

B, Ester Value (E.-Z.). — This is always ascertained 
indirectly by calculation, i,e, subtracting the acid value from 
the saponification value, except in cases where the acid value 
has been determined as under A. 3, and where a resin value 
and total saponification value are present. In such event 
the ester value cannot be calculated. 

C, Saponification Value. ^ 
1. By the hot method (V.-Z. h.) : 

(a) In the solutions of completely soluble resins. 

Method. — One grm. of the resin is dissolved 
and kept on the boil for half an hour in a steam 
bath, with 25 c.c. of alcoholic ^ potash, under a 
reflux condenser. After dilution with alcohol, the 
whole is titrated back with ^ sulphuric acid and 
phenolphthalein. 

Examples. — Nearly all balsam sand resins for 
which no special methods have been devised. 
(i8) With a previously prepared alcoholic extract of a 
partially or sparingly soluble resin. 

Method, — The same procedure exactly as under 
a, except that an alcoholic solution of the extract 
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is taken, the results being calculated to 1 grm. of 
the crude drug, and not of the extract. 
Uxamples. — Gum resins, benzoin, storax. 
(7) As a, except that the crude drug is taken after 
an addition of water to dissolve out the gummy 
matter. 

Example, — Myrrh. ' 
2. Cold method (V.-Z. k.) : 
(a) For perfectly soluble resins, with cold alcoholic 
alkali and benzine only. 

Method. — One grm. of the substance is treated 
in a stoppered 500 c.c. glass flask with 50 c.c. of 
benzine (sp. gr. 0*700 at 15° C.) and 50 c.c. of 
alcoholic ^ potash. After standing for twenty-four 
hours at room temperature, it is titrated back with 
^ sulphuric acid ; in the case of Peruvian balsam, 
for instance, about 300 c.c. of water must be 
added to dissolve the precipitated salts. 

Examples, — Peruvian balsam, copaiba balsam, 
benzoin, storax. 
(/8) Fractional saponification, including " resin value " 
and "gum value," in the case of imperfectly 
soluble resins — alcoholic and aqueous alkali, with 
an addition of benzine to each, being used in 
succession. 

Method. — Two samples, each of 1 grm., of the 
resin are powdered and suffused in separate 
1 litre stoppered flasks with 50 c.c. of benzine 
(sp. gr. 0*700 at 15° C), followed by 25 c.c. of 
alcoholic -| potash. After standing (closed) for 
twenty-four hours at room temperature, with 
frequent shaking, the one sample is shaken up 
with 500 c.c. of water and titrated back with 
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n 

3 



snlphoric acid and phenolphthalein ; this gives 
the resin value (H.-Z.). The second sample is 
then treated farther with 25 c.c of aqueous ^ potash 
and 7-^ c.c. of water, and is left for another twenty- 
four hours, with frequent shaking, being finally 
diluted with 500 c.c. of water and titrated back as 
above. This gives the " total saponification value " 
(G.-V.-Z.), the difference between this and the resin 
value being the " gum value " (G.-Z.). 

Examples. — Ammoniacum, galbanum, gamboge. . 
By reason of the analytical labours of Kremel — who was 
the first to systematically transfer to resins the quantitative 
methods employed on fats, though he was closely followed 
by von Schmidt, Erban, Mills, Williams, Beckurts and 
Briiche, K Dieterich, etc. — and others, a large collection of 
experimental material has been accumulated. From these a 
number of general and particular axioms have been deduced 
by K. Dieterich, who has also employed as a basis the results 
of his own investigations into Peruvian balsam. Copaiba 
(Angostura, Bahia, Carthagena, Illurin, Para, Maracaibo, 
Surinam, Gurjun) balsam, Mecca balsam, Benzoin (Siam, 
Sumatra, Padang, Palembang, Penang), Colophony, Copal, 
Dammar, Elemi, Palm dragon's-blood, Socotra dragon's-blood, 
Guaiacum, Mastic, Sandarach, Storax, Thapsia resin, Anime, 
Caranna resin, Ladanum Turpethum resin, Ammoniacum, Asa- 
foetida, Galbanum, Myrrh, Bdellium, Opopanax, Sagapenura, 
and Olibanum. These axioms are now given with the 
corresponding examples for those of a special character : — 

Greneral Axioms. — Generally speaking, the great fluctua- 
tions hitherto noticed in the analytical values obtained with 
resins — apart from the divergences a priori due to the 
variable composition of the resins themselves — are attribut- 
able to the following considerations : — 
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1. The lack of uniform, rational methods, with well- 

defined conditions of performance. 

2. The scant individualisation of the current methods, 

and disregard of the modern chemistry of the resins. 

3. The use of extracts in place of the natural drugs. 

4. The lack of tests performed on authentically pure 

resins, taken direct from the parent tree, as a basis 
for the determination of value. (Up to the present 
time only a few authentically pure resinous bodies, 
such as Peruvian balsam, storax, and a few more, 
have been examined.) 
According to K. Dieterich the following points should be 
considered in attempts to improve resin analysis : — 

1. The use of the natural drugs instead of extracts. 

2. The prescription of uniform conditions in the per- 

formance of rational methods. 

3. Individualising these methods on the basis of modern 

resin chemistry. 

4. Employment of quantitative methods in preference to 

qualitative methods — especially colour reactions. 

5. Fixing normal limits for constant values, on the basis 

of the examination of authentically pure samples 
taken direct from the parent tree. 

The following " special " points should be borne in mind 
in resin analysis : — 

Special Axioms with Examples. — I. In any circum- 
stance it is erroneous to employ only a portion — e,g. an 
alcoholic extract — of a resin or gum resin for analysis. When 
this is done, there occur — as has been shown in the case of 
Siam and Sumatra benzoin, storax, myrrh, ammoniacum, 
galbanum, etc. — losses and alterations which influence the 
results and preclude the formation of an accurate opinion on 

the natural drugs themselves. On this account the greater 
4 
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portion of the resin values recorded in the literature of the 
subject, having been obtained in this imperfect manner, are 
restricted to a merely relative utility. The values obtained 
by using an extract cannot therefore in any case be regarded 
as applicable to the crude product. 

II. Still less acceptable are values obtained by using 
1 grm. of extract instead of the amount of extract corre- 
sponding to 1 grm. of crude drug, since 1 grm. of extract 
refers to much more than 1 grm. of crude drug, and there- 
fore furnishes values in no way approximating to the defini- 
tion " acid value " or " ester value.*' 

III. Where possible, the previous preparation of a hot 
alcoholic solution without employing a reflux condenser, etc., 
should be avoided, as causing a loss of volatile matters, 
especially in the case of substances that are sparingly or 
only partially soluble {c,g. gum resins, storax, etc.). 

IV. All methods employing back titration are practical, 
because they utilise the alkali both for fixing the acid and, 
at the same time, for acting as a solvent, and give a better* 
end reaction (red into yellow) than the ordinary direct - 
titration methods (for ammoniacum, galbanum, asafoetida, 
benzoin, olibanum, etc.). 

V. With some resins (mostly free from esters) it has 
been found that, although soluble in inert solvents, the acid 
is not quantitatively and promptly fixed in direct titration 
methods ; consequently they must be treated by the back 
titration method, and time must be given for the fixing of 
the resin acids. (To these resins belong: guaiacum, copal, 
dammar, sandarach, mastic, etc.) In this case also the end 
reaction is very well defined (colour-change red to yellow). 

VI. Again, in the case of such ester- free or sparingly 
saponifiable resins as can be titrated direct with but slight 
variation, the back titration method is preferable for deter- 
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mining the acid value, because no preliminary solution is 
required, the alkali itself serving as a solvent, and giving a 
sharper end reaction from red to yellow than is possible 
with the converse change. The values obtained are generally 
more concordant than those from the direct method. 

VII. Earlier saponification tests were frequently attended 
with the drawbacks that the values furnished were merely 
imperfect, or the dark-coloured liquids produced were difficult 
to titrate, contained decomposition products, or furnished 
merely relatively usable values because of the use of extracts 
in place of the natural drugs {e.g. Peruvian balsam, Siam 
benzoin, Sumatra benzoin, etc.). 

VIII. Provided the natural drugs be used, the best 
results are furnished by the cold and fractional saponification 
methods, mainly because the liquids obtained are lighter in 
■colour and more readily titrated. 

It has been found that many resins can be saponified in 
the cold by alcoholic alkali and benzine, and many by the 
conjoined action of aqueous and alcoholic alkali in the cold. 
The first type of method is known as " cold saponification," 
the other as " fractional saponification"; in the latter the 
value given by the alcoholic alkali and benzine is termed 
the "resin value," and the result furnished by the aqueous 
and alcoholic alkali is the " total saponification value." 

Furthermore, it has been found that nearly all the 
balsams, and many resins, can be completely saponified in 
twenty-four to forty-eight hours, without heat, by the simple 
<3old method ; and several of the gum resins and other bodies 
containing gum in addition to resin (except myrrh, olibanum, 
and asafoetida) can be effectually dealt with by the fractional 
method in the same time. However, with some gum resins 
it appears that only the fixation of the acid is affected by 
this means, without any saponification being produced. 
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Benzoin 



The following are saponifiable in twenty-four to forty- 
eight hours by the cold process : — 

Peruvian balsam. 

/'(Angostura, Babia, Carthagena,' 
Copaiba balsam -! Maracaibo, Maturin (East Indian), 

I Para (West Indian) balsams) 

/(Siam, Sumatra, Palembang, 

iPadang, Penang) 
Myrrh 
Storax 

Mecca balsam 
Ammoniacum 
Galbanum 
Euphorbium 
Gamboge 

Dragon's-blood (Socotra, Sumatra) 
Lactucarium 



By alcoholic 

alkali and 

benzine. 



By fractional saponification. 



On the other hand, the following cannot be saponified by 
either method within the time specified : — 

Asafoetida ) The use of alcoholic and aqueous alkali merely fixes 
Olibanum J the acids. 

It should be noted that the benzine should on no account 
be omitted, although for the most part it dissolves imperfectly. 

IX. For the prevention of error, the acid and saponifica- 
tion values should be determined in two separate experiments. 

X. In order to obtain solutions as free from colour as 
possible, only 1 grm. of any balsam, resin, or gum resin 
should be taken, instead of 3 grms. as in the case of fats* 
The increased margin of error in titration is not so great 
as the errors arising in the titration of darker liquids. 
Moreover, experiment has shown that the values obtained 
from 1 grm. are perfectly concordant with those furnished 
by 3 grms., and, in fact, greater concordance is found in 
the case of 1 grm. samples of pale resins. 
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XI. Dilution, whether of a solution or a saponification 
liquid, should rarely be practised with water, alcohol being 
generally necessary ; the methods prescribed in each case 
should be carefully followed. Water usually produces milky 
turbidity, and gives a liquid difl&cult to titrate ; or decomposi- 
tion of the resin soap may ensue, as is the case with colophony, 
dammar, copal, etc. For this reason the use of, as far as 
possible, " water-free " plaster is advisable. 

XII. The end reaction being quicker and better defined 
when I alkali is used than with ^ alkali, and the puzzling 
intermediate colour-changes being absent, it is always better 
to use the stronger alkali, despite the inherent errors in 
titration attending thereon. 

XIII. Since the natural drugs, and not portions thereof, 
should always be used, it is very necessary to secure a good 
average sample, which is best obtained by grinding at least 
100 grms. of the dry drug as finely as possible (see XXIII.). 
Balsams should always be well shaken up beforehand ; resins 
containing water, e.g, storax, should be freed from moisture 
and stirred up well together. Gum resins, which are very 
soft and difficult to pulverise, are cooled by immersion in a 
refrigerant if necessary, and pulverised repeatedly until a good 
average sample is prepared, warmth being avoided in any event. 
When the parcel is large — entire boxes of benzoin, casks ot 
storax, or bales of gum resin — the samples should be drawn 
from various parts of the bulk and not merely from one place. 
If, as is the case with myrrh, ammoniacum, galbanum, 
opopanax, and sagapenum, the gum resins are used direct, it 
is essential that the substance should be dissociated by boil- 
ing successively with alcohol and water, under a reflux con- 
denser, especially before determining the acid value (what- 
ever the method employed). 

XIV. Naturally a single analysis is never sufficient to 
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afiford grounds for an opinion in the examination of resins, 
duplicate determinations being essential, and the mean of the 
results must be taken. For cold saponifications, especially 
when the liquids must be left to stand a long time, stoppered 
glass flasks, holding 1 litre, should alone be used. Eesins or 
balsams that are difiBcult to weigh out should be weighed on 
a glass rod, which is then placed, along with the substance, in 
the saponification liquid or glass flask. 

XV. All results should be calculated to the natural crude 
drug, and not, as is frequently done, to the goods dried at 
100° C. At least, both values should be given together. 

XVI. The determination of the iodine and bromine values 
is of little importance, being in the first place a frequent 
source of error, and also furnishing inaccurate values by 
reason of the difficulty in detecting the end-point. (The 
iodine values of nearly all the resins and balsams have been 
determined — in the former case from the alcoholic extracts.) 

XVII. Eesins containing acids and esters can furnish 
acid and saponification values, whereas such as contain 
merely esters or free resin acids, can only yield the corre- 
sponding saponification or acid value, as the case may be. 

Thus it is impossible to speak of the "acid value" of 
dragon's-blood, this body containing no free acids ; or of the 
" ester values " of ester-free resins like colophony, sandarach, 
copal, dammar, etc. Values of this kind recorded in the 
literature of the subject are useless, and should be 
eliminated. 

XVIII. Quantitative methods are all preferable to those 
of a qualitative character, the best of all being such as 
relate not merely to subordinate constituents of the resins, 
present in small amount therein, but such as are concerned 
with the principal components. In addition, no methods can 
claim to have any real worth except they have been found 
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reliable when systeraatically applied to adulterated resins 
as well as the pure substances. 

XIX. As with fats, the acetyl value furnishes some 
guidance in forming an opinion, the more so, because nearly 
all the resins contain oxyacids. 

Thus, the acetyl products of the turpentines vary con- 
siderably from one another and from the initial product. 
Similar conditions prevail in dammar, copal, etc. (see Helfen- 
herger Annalen, 1897, pp. 39—44). Of the carbonyl and 
methoxyl values, as well as the resin alcohols and acids, 
mention has already been made. 

XX. Generally speaking, the methods used in the 
examination of fats and oils are also applicable to the 
balsams, resins, and gum resins, though it should be borne 
in mind that the resins — being mixtures that have pro- 
bably sustained considerable alteration in collection and by 
external influences, and not always homogeneous substances — 
cannot be investigated by any single method applied to the 
whole, but that it is necessary to fit the methods to the 
special resin, balsam, or gum resin under examination. Even 
a slight deviation from the lines already laid down with 
precision will bring about changes in the results. 

XXI. Phenolphthalein has proved the best indicator for 
the, oftentimes strongly coloured, titration liquids. Other 
indicators, such as tropeeolin hsematoxylin, litmus, rosolic 
acid, methyl orange, and alkali blue, have all had to be dis- 
carded as more or less useless. 

XXII. The alcoholic potash solution used for the cold 
and fractional saponification tests should be as rich as possible 
in alcohol, i,e. 96 per cent, spirit is used, and the liquid is 
filtered off from the insoluble K2CO3. 

XXIII. In comminuting and reducing to powder the 
resins (see VIII.), gum resins, and all products that are 
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sticky when rubbed together, prolonged heating in a drying 
oven, or even a preliminary warming, must be avoided on 
account of the aromatic constituents, and the end in view 
must be attained by storing the substances in a very cool 
place so as to render them hard and easily pulverable. 
Where this work has to be done on a large scale it is advis- 
able to carry on the operation in the winter time. 

Transition Stages of Resinous Bodies and their 
Nomenclature. — A few words as to the nomenclature of the 
resins, the transition of one form of resin into another, and 
their mutual relation. Since we use names — such as 
dammar, copal, elemi, kino, etc. — which do not specially 
indicate any special resin, it follows, as a matter of course, 
that confusion is liable to occur. Special mention will be 
made in Part II. of this indefinite nomenclature, with 
particular reference to the transition stages between kino and 
dragon's-blood, bdellium and myrrh, turpentine resins and 
dammar or copal ; the, to some extent, nearly allied names, 
such as : resina caranna, gomart gum, resina kikekunemalo, 
anime, tacamahac, elemi, etc. The variations in the names 
of commercial grades also frequently lead to much confusion. 



PAET 11. 

INTRODUCTION. 

Before proceeding to specially consider the various resinous 
substances separately, a few general remarks are necessary. 

In dealing with the estimation of the acid, ester, and 
saponification values, the expression " usual method " implies 
the method performed in the same manner as in the case of 
fats — i, e. the Hiibl method — without any special modifica- 
tion. Thus the acid- value determination consists of : solution 
in alcohol, and direct titration with \ alkali and phenol- 
phthalein ; the saponification-value method is : boiling for half 
an hour under a reflux condenser, and titrating back after 
cooling, the reagents used being alcoholic \ alkali, and aqueous 
\ sulphuric acid. The ester value is found by calculation, as 
already described in Part I. 

The estimation of " matters soluble in petroleum ether " 
by the Hirschsohn method, so frequently referred to, is effected 
by extracting the substance with petroleum spirit, of boiling- 
point 40", 60°, or 80° C, and drying the extract at 120° C. 
until of constant weight. In other cases the solution is 
evaporated at 1 7° C, and the residue weighed till constant. 
Where the above temperatures are referred to in this connec- 
tion, they must be taken to express the same meanings as 
here involved; and all specific gravities refer to 15° C, unless 
any other temperature is specially mentioned. 

The following practical hint may be given in connection 
with the analysis of resins and the necessary weighings 
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herein : — In the case of such resins as soft elemi, storax, etc., 
which are of a greasy or balsamic character, weighing out 
into narrow-necked litre flasks (for cold and fractional saponifi- 
cation) is inconvenient by reason of the resin adhering to the 
rim and taking a long time to run down. It is then better 
to place a small quantity of the resin on a tared watch glass, 
and weigh the whole, take up about 1 grm. by means of a 
small glass rod, and insert rod and all into the flask; the 
loss in weight of the watch glass and contents then gives the 
quantity of resin taken for analysis. Thus the above-named 
inconvenience is avoided. The preparation of average samples 
has already been discussed under axiom XXIII. (Part I.). 

Definitions. 

1. The acid value (direct and indirect) = the number of 
mgi'ms. KHO combined by the free acid in 1 grm. of resin 
during direct or back titration. 

2. The acid value of the volatile portion = the number of 
mgrms. KHO combined by 500 grms. of distillate obtained 
from 0*5 grm. of gum resin (ammoniacum, galbanum) by 
distillation with steam. 

3. The saponification value (hot and cold) = the number 
of mgrms. KHO combined by 1 grm. of resin in hot or cold 
saponification. 

4. The resin value = the number of mgrms. KHO com- 
bined by 1 grm. of certain resins and gum resins on cold 
fractional saponification with alcoholic alkali by itself. 

5. The total saponification value (fractional saponification) 
= the total number of mgrms. KHO combined by 1 grm. of 

certain resins and gum resins on cold fractional saponification 
with alcoholic and aqueous alkali in succession. 

6. The gum value = the diflFerence between the total 
saponification value and the resin value. 
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7. The ester value = the difference between the saponi- 
fication value and the acid value. 

8. The acetyl value = the difference between the acetyl 
saponification value and the acetyl acid value. 

9. The carbonyl value = the percentage of carbonyl oxygen 
in the substance taken. 

1 0. The methoxyl value — the amount of methoxyl fur- 
nished by 1 grm. of resin. 

The following abbreviations (which denote the methods 
used) have been employed through this second part of the 
present work, with a view of securing their general adoption : — 

Thus- 



IB 

S.-Z. d. 


= Acid value (Saurezahl), direct. 


S.-Z. ind. 


= Acid value, indirect (by back titration). 


S.-Z. f. 


= Acid value of volatile (fliichtige) con- 




stituents. 


E-Z. 


- Ester value (Esterzahl). 


V.-Z. h 


= Saponification value, hot (Yerseifungs- 




zahl heiss). 


Y.-Z. k 


= Saponification value, cold (kalt). 


H.-Z. 


= Kesin value (Harzzahl). 


G.-Y.-Z. 


= Total saponification value (Gesammt- 




Yerseif ungszah 1). 


G.-Z. 


= Gum value (GuTninizahl). 


C.-Z. 


= Carbonyl value (Zahl). 


M.-Z. 


= Methoxyl value (Zahl). 


A.-Z. 


= Acetyl value (Zahl). 


A.-S.-Z. 


= Acetyl acid value. 


A..Y.-Z. 


= Acetyl saponification value. 


A.-E.-Z. 


= Acetyl ester value. 



The calculations are based on the new table of atomic 
weights drawn up by Landolt, Ostwald, and Seubert, and 
adopted by the German Chemical Society. 



A. BALSAMS 
1. Canada Balsam. 

Balsamum Canadeiise, 

Origin and Habitat. — Abies halsamea, DC. (Coniferae). 
North America. 

Chemical Constituents. — Levo-rotatory ethereal oil, 18*6 
per cent; resin soluble in alcohol, 46 per cent.; resin spar- 
ingly soluble in alcohol, 33-4 per cent. ; caoutchouc, 4 per cent. ; 
bitter principles, extractives, traces of acetic acid, 4 per cent. 
(Bonastre). 

General Properties and Commercial Varieties. — 
Canada balsam is perfectly clear, pale yellow (almost 
greenish) in colour, and slightly fluorescent. The odour is 
agreeably aromatic, the flavour bitter, and it yields a bitter 
principle when treated with hot water. The balsam is 
only partially soluble in absolute alcohol. (See also under 
Turpentines, Tereb. argentoratensis, Strassburg T.) 

Adulterants. — Colophony, Venice turpentine. 

Analysis. — In general the available analytical data are 
meagre. Hirschsohn found that Canada balsam is soluble 
in petroleum ether, except for a small residue, but that the 
subsequent addition of more solvent produced turbidity. 

A. Kremel found — 

Acid value, direct (S.-Z. d.) = 83*0 

81-3 
by dissolving about 1 grm. in strong alcohol and titrating 
direct with alcoholic | potash. The ester value and saponi- 
fication value were not examined. 

60 
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h\ Dietze found — 






I. 


II. 


III. 


Acid value, d. (S.-Z. d.) . 84-89 


85-93 


84-40 


Ester value (E.-Z.) . . . 4*54 


9-83 


9-00 


Saponification value, hot (V.-Z. h.) 89*43 


95-76 


9340 



the acid value being determined by the method practised 
by Kremel, and the saponification value by the "usual 
method " (see Introduction to Part II.). 
E. Dieterich found — 

S.-Z. d.= 84-0-86-8 (Kremel method). 
Solubility in — 



Chloroform 

Acetic ether 

Benzol 

Ether ^ 



complete. 



Oil of turpentine J "^°"''* ^ ^""^ complete. 
90 per cent, alcohol, up to 90-90-93-58 per cent. 
Petroleum ether, 83*46-92-73 per cent. 

The iodine values obtained by E. Dieterich are omitted 
here, as is the case with all iodine values relating to resinous 
products, such values being unreliable, as already stated in 
Part I. 

The methoxyl value was found = by Gregor and 
Bamberger. 

(For the detection of colophony in resins and balsams by 
the Storch-Morawski method, see under Colophony.) 
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Copaiba Balsam. 

Balsamuni Copaivcc (^D. A, IIL). 

Origin. — Various Copaifer^e, such as Copaifera officinalis 
and guianensiSy etc. ; Csesalpinacese. 

Habitat. — South America, East Indies, Africa. 

Chemical Constituents. — Ethereal oil, 40-60 per cent.; 
resin, 60—40 per cent. 

The ethereal oil corresponds to the formula CgHg = C15H24 
(Berthelot), or C20H32 for Para balsam (Englander.) The 
resin is soluble in alcohol, benzol, and amyl alcohol, and 
chiefly consists of amorphous acids — copaibic acid (C20H30O2), 
however, being crystalline (Schweitzer) ; Para balsam contains 
oxycopaibic acid, C20H0SO3 (Fehling) ; Maracaibo balsam con- 
tains metacopaibic acid, C22H34O4 (Strauss) ; and bitter prin- 
ciples have been detected in all the varities of this balsam. 

General Properties and Commercial Varieties. — Of 
the two principal classes of copaiba balsam, the thick and the 
thin, Maracaibo (Venezuela) balsam may be taken as represent- 
ing the former type, and Para (Maranham) balsam the more 
fluid class, the other kinds being mostly intermediate. The 
majority, like Gurjun balsam, exhibit strong green fluores- 
cence. The chief commercial varieties are Maracaibo and 
Para. Latterly Maturin balsam has been recommended as a 
substitute for the thick officinal Maracaibo balsam, as was 
formerly the case with Angostura and Carthagena balsams. 
All the varieties have a very strong and aromatic odour, and a 
bitter, irritant taste. Bahia, Carthagena, Surinam, Angostura, 
and "West African" (lUurin, Antilles) balsams are now seldom 
found in commerce. According to Hartwich, a balsam 
(" baume k cochon ") similar in action to copaiba is obtained 
from Hedwigia halsamifera (Burseracese family), and Humiria 
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florihunda yields a balsam which smells like benzoin and is 
used as a remedy for gonorrhoea (Hartwich). 

Adulterants, etc. — The ofiBcinal balsams are adulterated 
with Gurjun balsam, fatty oils (ricinus oil, olive oil), storax, 
colophony, turpentine, sassafras oil,^ oil of turpentine, paraffin 
oil, etc., whilst the other balsams are frequently mistaken for, 
or adulterated by, one another. Maracaibo balsam is mostly 
falsified with thin Para balsam. 

Analysis. — With the exception of Peruvian balsam there 
is probably no balsam that has been so widely examined as 
copaiba, nearly all the known varieties, such as Angostura, 
Bahia, Carthagena, Maracaibo, Maturin, Gurjun, Para, Suri- 
nam, and West African balsams, having. been tested. That 
Maracaibo balsam, being the officinal medicament (D. A. III.), 
has been examined with particular frequency, goes almost 
without saying. The main reason for the great variations in 
the results obtained by dififerent workers is the almost entire 
absence of a really pure balsam among the commercial grades, 
adulteration being both frequent and varied. Mention of 
this circumstance has been made by Gehe & Co., The Oil 
Paint and Drug Reporter, and (more recently) by K. 
Dieterich. An innumerable array of qualitative reactions 
and modifications of same has been recorded by Ulex, 
Wagner, Maisch, Procter, Guibourt, Dierbach, Ealeigh, 
Chrestien, Konig, Lowe, Gerber, Eose, Thorn, Gutnik, Vigne, 
Vallet, Eedwood, Hager, Wimmel, Gehe & Co., Enell, Muter, 
Hirschsohn, Maupy, and others. The first large and com- 
prehensive work on the various copaiba balsams was pub- 
lished by E. Prael, who also determined the. content of 
resins and ethereal oils ; and subsequently, quantitative 
methods for determining the acid, ester, and saponification 

^ This oU is, however, dearer than copaiba balsam, and is therefore unlikely 
to figure in practice as an adulterant of the latter. 
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values, and the sp. gr., were introduced by A. KremeL The 
utility of these values is the subject of much difference of 
opinion, for whereas Beckurts and Briiche declare in favour 
of the iodine value, others — Wimmel, Grebe & Co., and more 
recently, K Dieterich — think little of this test Nearly all 
authors, however, are unanimous in recommending the 
quantitative determination of the acid, ester, and saponi- 
fication values, and the fixing of a standard of specific gravity ; 
but so long as pure and uniform products are unobtainable 
in commerce no reliance can be placed on the Hager optical 
rotation method (Maracaibo balsam dextro-, nearly all com- 
mercial balsams levo-rotatory) ; the acid test as given in the 
German Pharmacopoeia (D. A. III.), or by Enell; the ammonia 
test of G^he & Co., Wimmel, and Bosetti; or the Grote 
agitation test. The only possible way of valuing the balsams 
is by making quantitative determinations of the above-named 
constants, and by fixing limits of fluctuation within which 
variation is permissible to the various balsams. This plan 
has been latterly recommended by Caesar & Loretz, and by 
Gehe & Co., as a progressive step, though, of course, as 
pointed out by Thoms, methods so imperfect as those given 
in the German Pharmacopoeia are inapplicable. With regard 
to fixing a margin of permissive variation, this will have to 
be postponed, Gehe & Co. having found that some adulterated 
balsams give values within the limits set up by K. Dieterich 
for the pure products ; and it will not be until we can obtain 
samples of undeniable purity that reliable limits can be laid 
down for copaiba balsams. On the other hand, the author 
differs from Gehe & Co., in that he attributes a merely 
subordinate importance to the qualitative tests with ammonia 
and colophony (Bosetti's method). Owing to the variable 
proportion of ethereal oil and copaiba resin, the method 
prescribed for determining these constituents by the British 
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Pharmacopoeia has as little to recommend it as the iodine 
value test. However, it seems advisable to determine in the 
various separate balsams the percentage of matters extractable 
by various solvents, as was formerly done with nearly all 
known resins by E. Dieterich, in continuance of the values 
obtained by Hirschsohn, von Schmidt and Erban, Muter, 
Prael, and others. The qualitative reactions and iodine 
values have been omitted from the present work, for reasons 
already stated. The Mauch method for observing the colour 
reactions furnished by the ethereal oil extracted by chloral 
hydrate is perhaps an improvement, so far as the accuracy 
of the colour reactions themselves; although these, like others 
of the same class, are always more or less unreliable. 
Nevertheless, the value of his method in showing that 
ethereal oils can be easily isolated by chloral hydrate should 
not be under-estimated. 

Gregor and Bamberger's methoxyl values cannot be 
quoted, the authors having omitted to state which balsams 
were examined. 

2. Angostura Copaiba Balsam. 

The information available about this balsam is rather 
scanty. 

Prael found — Sp. gr. 9 80- 1*0 09 ; resin, 59*90 per 
cent.; ethereal oil (sp. gr. 0906), 4010 per cent. 

Beckurts and Briiche found — 

Acid value, d. (S.-Z. d.) . . 99-6 
Ester value (E.-Z.) . . . nil 
Saponification value, hot (V.-Z. h.) 99*6 
Sp. gr 1022 

The value S.-Z. d. was determined by titrating the solution 
of 1 grm. balsam in 95 per cent, alcohol, with alcoholic ^ 
5 
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potash and phenolphthalein ; the value V.-Z. h. by boiling 1 
grm. for fifteen minutes with 25 c.c. alcoholic |- potash under 
a reflux condenser, and titrating back with ^ sulphuric acid. 

Gehe & Co. seek to have the Angostura balsam included 
with Maracaibo balsam in the German Pharmacopoeia 
(D. A. III.). They are equivalent, but the first-named gives 
a red coloration in the D. A. III. acid test. According to 
Beckurts and Briiche no such coloration occurs, the balsam 
behaving in a normal manner. 

The opinion of the last-named workers was that the 
qualitative and quantitative tests indicated an adulterated 
sample of Angostura balsam. 

It is evident from the dififerent results obtained by 
Beckurts and Briiche, and by Gehe & Co., that variations 
exist in these products. The results must therefore be 
accepted cum grano sails, and are of the less importance in 
that this balsam is now no longer met with in commerce. 

The author has examined several Angostura balsams by 
the methods proposed by himself for Maracaibo balsam, and 
obtained the following values : — 

I. 

Acid value, d. (S.-Z. d.) . . j qo-70 

Ester value (E.-Z.) . . . ii'-.oq 

{95*76 

The acid test of the Pharmacopoeia was not tried. That 
the above values differ from these obtained by Beckurts and 
Briiche confirms the latter's view that they were working 
with an adulterated sample. 

{N,B, — The bibliographical references relating to all the 
various copaiba balsams will be found on p. 83.) 



IL 


in. 


83-00 


75-87 


83-50 


76-32 


8-36 


16-07 


7-94 


16-19 


96-36 


91-54 


91-44 


92-51 



BAHIA COPAIBA BALSAM 67 

3. Bahia Copaiba Balsam. 

Very few analytical data are available on the subject ot 
this variety. 

Prael found — Sp. gr. 0*980; resin content, 59*80 per 

cent. ; ethereal oil (sp. gr. 0*988), 40*20 per cent. 

Beckurts and Briiche found — 

I. 11. 

Acid value, d. (3.-Z. d.) . . 73-0 97*5 

Ester value (E.-Z.) . . . nil 15-2 

Saponification value, hot (V.-Z. h.) 73-0 112-7 

Sp. gr 0-962 1-031 (!) 

by the usual method. On the basis of further tests ot a 
qualitative nature, the authors believed both samples to be 
of questionable purity. As Bahia balsam is now rarely met 
with in commerce, the above fluctuating values are merely 
cited without, in the meantime, being credited with any 
practical importance. 

K. Dieterich has also examined Bahia balsam by the 
same methods as he applied to Maracaibo balsam, and 
obtained the following results : — 

I. Balsam of undoubted purity, from the author's own 
collection — 

Acid value, d. (S.-Z. d.) 

Ester value (E.-Z.) 

Saponification value, cold (V.-Z. k.) 

II. An undoubtedly adulterated sample from Hamburg — 

I. II. 

Acid value, d. (S.-Z. d.) . . 64-19 64-25 
Ester value (E.-Z.) . . . 1-76 2-60 

Saponification value, cold (V.-Z. k.) 65-95 66*85 

Balsam No. I. was entirely soluble in alcohol, except for a 
slight turbidity, whilst the No. II. sample was thinner, and 
only partly soluble, to a turbid solution, in alcohol, numerous 



I. 


II. 


81-09 


81-27 


5-08 


6-08 


86-17 


87-32 
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large flakes being left behind The former was undoubtedly 
pure, but the latter just as certainly adulterated (probably 
with vaseline oil). 

4. Carthagena Copaiba Balsam. 

For this balsam, Prael found — Sp. gr. 0*958 ; resin 
content, 46*20 per cent.; ethereal oil (sp. gr. 0*904), 53*80 
per cent. 

Kebler found— Oil (b.p. 250°-265° C), 53 per cent. 

Beckurts and Briiche found — 

Acid value, d. (S.-Z. d.) . . . 88*9 

Ester value (E.-Z.) .... nil 

Saponification value, hot (V.-Z. h.) . 88*9 

Sp.gr 0-988 

the S.-Z. and V.-Z. values by the method used on Angostura 
balsam, ^.e. the usual method. 

Gehe & Co. recommend this balsam also as a substitute 
for Maracaibo balsam, from which, like Angostura balsam, it 
differs (according to their report) by the positive result (red 
coloration) given in the D. A. III. acid test. 

The author has examined several samples of Carthagena 
balsam by his own method (see Maracaibo balsam), and 
obtained the following values : — 

L IL III. 

Acid value, d. (S.-Z. d.) . j^^.^^^ g^-TG 88-23 

Ester value (E.-Z.) . . / 

o T ,j /^r r, , X ri05-20 103-45 92*30 

Sapon. value, cold (V.-Z. k.) (^^^.^^ ^^3..^ ^2-90 

The sample No. III. agrees well with the figures of 
Beckurts and Briiche, but Nos. I. and II. seem doubtful 
products. 



56-20 41-15 4-55 

187-17 40-90 4-67 
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5. Maracaibo Copaiba Balsam. 

This, now officinal, thick balsam has frequently been 
examined quantitatively. 

Prael found — Sp. gr. 0-983-0-995 ; resin, 54-80-61-43 

per cent.; ethereal oil (sp. gr. 0-897-0-905), 38-57-45-20 

per cent. 

A. Kremel found- — 

I. II. 

Acid value, d. (S.-Z.. d.) . 73-0-75-0 76*0 

by direct titration with alcoholic ^ potash. The ester and 
saponification values were not determined. 
Beckurts and Briiche found — 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 
Sapon. value, h. (V.-Z. h.) . 
Sp. gr. . 
by the usual methods. 
E. Dieterich found — 

Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
Sapon. value, h. (V.-Z. h.) 

Solubility in — 

Ether 
Chloroform 
Petroleum ether 
Oil of turpentine 
Carbon di-sulphide 

Alcohol (90 per cent.) ) , , 

A .' .1 ^ } almost complete. 

Acetic ether ) ^ 

The usual methods were employed for determining the 
constants, except that in the saponification test the liquid 
was concentrated to expel the alcohol, and was then titrated 
after re-dilution. 



I. 


II. 


III. 


98-0 


79-3 


95-8 


nil 


19-7 


5-4 


98-0 


99-0 


100-8 


0-995 


0-973 


0-991 


• • 


76-52- 


94-90 


• • 


0-47- 


8-75 


• • 


80-27- 


100-80 



complete. 
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L. Maupy proposed to detect ricinus (castor) oil in 
copaiba balsam by a test based on the fact that when 
ricinus oil is subjected to dry distillation in presence of 
caustic potash or soda, the products include sebacic acid and 
capryl alcohol. The sebacic acid is isolated by decomposing 
the resulting soap with mineral acids, and is readily soluble 
in hot water. In testing for ricinus oil, 10 grms. of the 
suspected copaiba are heated with 10 grms. of dry caustic 
soda, the ethereal oil being driven off in the form of white 
vapours. When ricinus oil is present, a decided odour of 
capryl alcohol is noticeable. The residue, which, in the 
meantime, will have separated into an upper wax-like mass 
and an inferior, liquid stratum, is then stirred with a 
glass rod, left to cool, treated with 60 grms. of water, heated 
up, and passed through a wet filter. The sebacic acid 
separates out from the filtrate, and can be converted into its 
white lead salt by treating the slightly acid solution in 
boiling water with lead acetate. 

Eecently the author has worked out a method for 
investigating the copaiba balsams, and drawn up a scheme 
showing the influence exerted by various adulterants on the 
results. 

With normal Maracaibo balsam the following values were 
obtained — 



Sp. gr. . . . . , 
Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 
Saponification value, cold (V.-Z. k) 



0-980-0-990 
75-0-85 -0 
3-0- 6-0 
80-0-90-0 



The K. Dieterich method for determining these values is 
carried out as follows : — 



{a) Acid value, direct. — One grm. of balsam is dissolved 
in 200 C.C. of 96 per cent, alcohol, and titrated with alcoholic 
2 potash in presence of phenolphthalein until a red coloration 
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is obtained. The volume of alkali consumed, multiplied by 
2 8 08, gives the acid value. 

(b) Saponification value, cold, — One grm. of balsam is 
placed in a stoppered 1 litre flask and suffused with 20 c.c. 
of I alcoholic potash and 50 c.c. of benzine (sp. gr. 0*700). 
After leaving the closed flask for twenty-four hours at room 
temperature, the contents are diluted with strong alcohol and 
titrated back with |^ sulphuric acid and phenolphthalein. 
The saponification value is obtained by multiplying the 
volume (c.c.) of combined KHO by 28*08. 

(c) The ester value is found by calculation. 

The author has examined a number of old and adulterated 
balsams by this method, and has collected the results into the 
subjoined table : — 



Ck)paiba Balsam. 



Maracaibo D. A. III. (the bal- 
sam used in the following 
adulterations) 

Maracaibo D. A. III. (3 years 
old (from the author's collec- 
tion) 

D.A.III. + IO:^, Gurjun balsam 
M +20% 

+ 



»> 



»? 

»» 
»' 



+ 10%Ordy. olive oil 
+ 20% 
+ 30% 



>> 



>» 



>> 



>> 






+ 10% Ricinus (castor) 
oU 

+ 20% 

+ : 









-f 10% Sassafras oil 

+ 20% 
+ 30% 



»» 



Sp.gr. 

at 
15** C. 



0-985 



1-001 

0-987 
0-985 
0-983 

0-982 
0-974 
0-967 



0-986 
0-983 
0-980 

0-994 
1-001 
1-010 



Acid Value 
(S -Z. d.). 



77-31— 78-12 



93-88— 94-33 



70-20- 
62-68- 
55-92- 

71-87- 
63-39- 
58-46- 



68-43- 
63-14- 
56-80- 

69-98- 
61-96- 
55-73- 



71-13 
63-90 
56-14 

72-11 
64-66 
58-56 



69-89 
63-32 
58-19 

70-75 
64-13 
57-00 



Saponification 

Value 

(V.-Z. k.). 



80-32— 83-41 



97-56-101-35 

76-35— 78-64 
71-56— 71-83 
75-09— 82-03 

112-48—113-55 
104-74—104-87 
122-86—124-80 



93.79— 97-96 
102-94—105-46 
114-15- 115-95 

75-14— 75-44 
68-40- 68-56 
59-30— 62-14 



Ester Value 
(E.-Z.). 



3-01— 5-29 



3-68- 7-02 

6-15— 7-51 

7-93— 8-88 

19-13-25-89 

40-61—41-44 
40-21-41-35 
64-40—66-24 



25-36—28-07 
39-80—42-14 
57-35— 57-76 

4-69— 5-16 
4-43— 6-44 
3-57— 5-14 
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Copaiba Balsam. 



D. A.III. + 10% Oil of turpentine 

+ 20% 
+ " 









»> 
«» 






>} 



+ 10% Venice turpen- 
tine 

+ 20% 
+ 30% 



»» 






+ 10% Colophony 

+ 20% 
+ 30% 






+ 10% Liquid paraffin 

+ 20% 
+ 30% 









Sp gr. 

at 
15° C. 



0-986 
0-981 
0-972 



0-992 
0-996 
0-999 

0-995 
1-003 
1-018 

0-975 
0-963 
0-951 



Acid Value 
(S.-Z d.). 



69-43 
63-56 
56-58- 



81-14- 
85-44- 
88-36- 



70-69 
63-98 
57-29 



82-74 
85-76 
89-07 



85-03- 85-40 

95-91— 97-47 

105-70—106-25 



68-90 

61-41- 

54-55- 



69-41 
62-41 
56-11 



Saponification 

Value 

(V.-Z. k.). 



79-74— 86-64 
76-97- 75-75 
70-00— 70-77 



85-70— 90-58 
89-76— 90-59 
95-06— 97-80 

95-13-102-34 
102-65-103-03 
110-49—111-17 



75-98- 
70-67- 
78-09- 



77-09 
72-38 
79-04 



Ester Value 

(E.-Z.). 



10-31-15-95 
12-19 12-99 
13-42—13-48 



4-56— 7-84 
4-32— 4-83 
6-70— 8-73 

10-10-16-94 
5-56— 6-74 
4-79_ 4-92 

7-08- 7-68 

9-26- 10-17 

22-93—23-54 



Consequently the added adulterants modify the constants 
of normal Maracaibo balsam in the following manner : — 

1. Gurjun balsam increases sp. gr., lowers acid value, and 
raises saponification and ester values. 

2. Olive oil reduces sp. gr. and acid value, but consider- 
ably increases the ester and saponification values. 

3. Sassafras oil heightens sp. gr., lowers acid and saponi- 
fication values, leaving ester value almost unchanged. 

4. Oil of turpentine reduces sp. gr., acid value, and 
saponification value, but considerably increases ester value. 

5. Venice turpentine increases sp. gr., acid value, and 
saponification value, leaving ester value almost unchanged. 

6. Colophony greatly increases sp. gr. and acid value. 
No definite conclusions deducible from ester and saponifica- 
tion values. 

7. Liquid paraffin reduces sp. gr. and acid value, increases 
ester value, but leaves saponification value about normal. 

8. Ricinus (castor) oil reduces sp. gr. and acid value, con- 
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siderably increasing ester and saponification values, like olive 
oil (No. 2). 

9. Eesinified old balsam. The acid and saponification 
values and sp. gr. are greatly increased, analogous to the 
influence of colophony (No. 6). 

Thus, when abnormalities are detected in Maracaibo 
balsam, an approximate conclusion can be drawn from the 
above method as to whether the sample is old, resinified, or 
adulterated, taking the following indications as a guide : — 



The Maracaibo balsam exhibits in comparison 
with the normal — 

I. Unduly high sp. gr. 
Do. low acid value. 
Do. high ester value. 
Do. do. saponification value. 
II. Unduly high sp. gr. 

Do. acid value. 

Do. saponification value. 

III. Unduly low sp. gr. 

Do. do. acid value. 

Do. high ester value. 

Do. do. saponification value. 

IV. Unduly low sp. gr. 

Do. do. acid value. 
Do. do. saponification value. 
Do. high ester value. 
V. Unduly high sp. gr. 

Do. acid value. 

YI. Unduly low sp. gr. 

Do. do. acid value. 
Do. high ester value. 
VII. Unduly high sp. gr. 

Do. low acid value. 
Do. do. saponification value. 
VIII. Unduly high sp. gr. 

Do. acid value. 

Do. saponification value. 



Thus foreshadowing the 
presence of — 



Gurjun balsam. 



J 



Old, resinified balsam. 



Olive oil or ricinus oil. 



Oil of turpentine. 



1 
J 

I Colophony. 



Liquid paraffin. 



I 



Sassafras oil. 



Venice turpentine. 
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The value affording the least guidance is the sp. gr., and 
for this reason it is highly desirable to fix a relatively small 
margin of deviation for the sp. gr. of officinal Maracaibo 
balsam. The author has proposed 0*980— 0*990. The values 
{e.g, acid value) obtained by Kremel, E. Dieterich, Beckurts 
and Brliche can only in part be compared with those of K. 
Dieterich owing to the difference in the methods employed. 
Of course the foregoing scheme of adulterations cannot serve 
as a guide unless the author's methods of determination be 
used. The existing method of testing Maracaibo in the 
German Pharmacopoeia, though quantitative, is inaccurate and 
unsuitable. 

As already stated, Gehe & Co. consider the limits of 
permissive deviation laid down by the author too wide, or 
as not always permitting the detection of adulterations, they 
having found that mixtures of Maracaibo and Para balsam 
with colophony furnish values within the said limits. Gehe 
& Co. believe — in opposition to the author — that particular 
value attaches to the Bosetti test, namely, melting the balsam 
with 30 per cent, of colophony, adding 10 per cent, ammonia, 
and observing the result as regards gelatinisation, the absence 
of which phenomenon is considered to indicate purity. 
The author believes that, as with Peruvian balsam, the 
accuracy of this assumption cannot be proved until the test 
has been made with samples of known purity taken direct 
from the parent tree. At present none of the existing values 
have been obtained from balsams of unimpeachable purity, so 
that even the limits given by the author (see also Para 
balsam), being derived from relatively impure commercial 
specimens, can only be d. priori regarded as of relative 
accuracy. Gehe & Co. state — which is particularly important 
— that Gurjun balsam is less largely used than thin Para 
balsam for adulterating Maracaibo balsam. 
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6. Maturin Copaiba Balsam. 

Prael found — sp. gr. 0*983 ; resin, 55 per cent. ; ethereal 
oil (sp. gr. 0*898), 45 per cent. 

A. Kremel found — acid value, d. (S.-Z. d.), 77-1, but did 
not determine the ester and saponification values. 

F. Dietze found, by the usual methods — 

Acid value, d. (S.-Z. d.) . . . 78*17 
Ester value (E.-Z.) .... 4-26 

Saponification value, h. (V.-Z. h.) . 82-43 

He recommended this balsam as a substitute for the 
officinal variety (Maracaibo), a proposal which seems all the 
more justifiable in that the characteristic values of the two 
agree very well, thus differing from the other varieties of 
copaiba. 

The author treated Maturin balsam by his aforesaid 
method, and obtained the following results : — 





I. 


II. 


Acid value, d. (S.-Z. d.) 


78-52 


82-73 


Ester value (E.-V.) 


12-86 


9-29 


Saponification value, cold (V.-Z. k.) 


91-38 


92-02 



figures which agree well with those of other workers. 

7. Ourjun (East Indian) Copaiba Balsam. 

This balsam, which is used to adulterate Maracaibo 

balsam, has been examined by several authors. 

A. Kremel found — 

I. II. III. IV. 

Acid value, d. (S.-Z. d.) 20*0 19-3 142 58 

by the usual method. 

Kebler found — sp. gr., at 15° C, 0*9796; ethereal oil 
(b.p. 254-263'' C), 54 per cent. 
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Beckurts and Briiche found- 



Acid value, d. (S.-Z. d.) 


8-7 


Ester value (E.-Z.) 


nil 


Saponification value, h. (V.-Z. h.) 


8-T 


Sp. gr. .... 


0-955 


ieterich found — 




Acid value, d. (S.-Z. d.) . 


6-5 - 7-4 


Ester value (E.-Z.) . 


10-30-11 -20 


Saponification value, h. (V.-Z. h.) 

hilit.v in 


16-80-18-60 



complete. 



Alcohol (90 per cent.) 

Chloroform 

Acetic ether 

Benzol 

Oil of turpentine 

Ether 

Petroleum ether 
Carbon di-sulphide 

the usual methods being employed, subject to the same 
authority's modification, already cited under Maracaibo balsam. 
More recently the present author has applied his own method 
to Gurjun balsam, as well as the other varieties of copaiba, 
and found — 



incomplete. 



Sp. gr. ..... 

Acid value, d. (S.-Z. d.) 

Ester value (E.-Z.) 

Saponification value, cold (V.-Z. k.) 

the following values being obtained on a later occasion : — 



0-955-0-965 
5-0-10-0 
1-0-10-0 
10-0-20-0 



Acid value, d. (S.-Z. d.) 

Ester value (E.-Z.) 

Saponification value, cold (V.-Z. k.) -j 



I. 

r 10-80 

\lO-98 

f 14-00 

115-37 

24-80 

26-35 



II. 
10-64 
10-77 
14-83 
15-00 
25-47 
25-77 
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These figures agree with those of Beckurts and Brliche 
and E. Dieterich, but not with the high acid values found in 
some cases by Kremel. 

Gregor and Bamberger found the methoxyl value = 0. 



8. Para Copaiba Balsam. 

Prael found — sp. gr. 0-916-0-989 ; resin, 23*87-59-53 
per cent.; ethereal oil (sp. gr. 098-8-0*902), 40*47- 
76*13 per cent. 

A Kremel found — 

I. II. 

Acid value, d. (S.-Z. d.) . 29*6 (!) 78*2 

by the usual method, but did not test the ester and saponi- 
fication values. The low acid value of No. 1 Kremel him- 
self considered questionable. 

Beckurts and Brliche found — 

I. II. 

Acid value, d. (S.-Z. d.) . . 87*0 38*1 (!) 
Ester value (E.-Z.) ... 0*0 2*9 (!) 

Saponification value, hot (V.-Z. h.) 87*0 41-0 (!) 

Sp.gr. 0-984 0-949 

all by the usual method. The values marked (!) were 
regarded by the authors themselves as incorrect, and pro- 
bably attributable to adulterations in the sample. 

Kebler found— sp. gr. 0*9254 ; oil (b.p. 258-270° C), 90 
per cent. 

E. Dieterich found, by the method adopted for Maracaibo 
balsam — 

Acid value, d. (S.-Z. d.) . . . 29-40-65-80 
Ester value (E.-Z.) .... 1*90 

Saponification value, hot (V.-Z. h.) . 31-30-67-70 
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Solubility in- 



Ether 

Chloroform , , , 

Benzol [ '^"'P^'*"- 

Oil of turpentine 

Alcohol (90 per cent.) 

Acetic ether i , . , ^ 

T^ ^ , , , y almost complete. 

Petroleum ether j ^ 

Carbon di-sulphide J 

K. Dieterich found — 

Sp.gr 0-95- 0-97 

Acid value, d. (S.-Z. d.) . . . 40-0 -60-0 

Ester value (E.-Z.) . . . . 2*0 - 8-0 

Saponification value, cold (V.-Z. k.) . 30*0 -60*0 



and subsequently- 



Acid value, d. (S.-Z. d.) . . . < 



L IL 

49-47 61-62 



iLster value (E.-Z.) . . . < 

64-62 70-68 



\ 49-92 61-86 
15-15 9-06 

18-06 8-89 



Saponification value, cold (V.-Z. k.) J 



67-98 70-75 



Apart from the somewhat higher ester value, these 
figures correspond with the others given above. 

These last-named values were obtained by the author's 
own method, already described. He proposed to constitute 
the first set a standard for good Para balsam, but, according 
to Gehe & Co., this is inadmissible. 

The author has, in this case also, examined the influence 
exerted by adulteration on the normal values — 
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Copaiba Balsam. 



Para+ 10% Gurjun balsam 

M +20% „ 
,, +30% „ 






+ 10% Olive oil (ordy.) 

+ 20% 
+ i 



'> 



+ 10% Ricinus (castor) oil 

+ 20% 
+ 30% 

+ 10% Sassafras oil 

+ 20% 
+ 30% 






+ 10% Oil of turpentine 

+ 20% 
+ 30% 



11 



11 



+ 10% Venice turpentine 

+ 20% „ 
+ 30% „ 

+ 10% Colophony 

+ 20% 

+ 30% „ 

+ 10% Liquid paraffin 

+ 20% „ 
+ 30% „ 



Sp. gr. 



0-971 
0-974 
0-974 

0-971 
0-964 
0-955 

0-972 
0-970 
0-966 

0-985 
0-985 
0-995 

0-973 
0-969 
0-960 

0-980 
0-982 
0-986 

0-982 
0-991 
1-000 

0-962 
0-951 
0-935 



Acid Value, 

d. 

(S.-Z. d.). 



41-59—43-27 
38-13—38-97 
34-25—34-30 

41-36—46-02 
37-40—38-22 
35-44—3705 

40-83— 41-34 
37-55— 38-07 
38-89- 38-97 

45-45-45-98 
43-84—44-90 
39-83—40-29 



42-44- 
41-18- 
39-76- 

53-69- 
62-82- 
68-99- 

57-92- 

75-56 

90-33- 

39-95- 
33-86- 
30-79- 



-42-97 
-41-33 
-40-12 

-54-14 
-63-18 
-69-02 

-60-16 
-75-72 
-91-67 

-41-68 
-34-09 
-31-11 



Sapon. Value, 

cold 

(V.-Z. k.). 



62-54- 
73-33- 
71-85- 

86-26- 

90*89- 

102-40- 

93-45- 

89-28- 
97-01- 

53-67- 
47-31- 
44-81- 

70-26- 
59-01- 
51-10- 

70-99- 
72-17- 
81-81- 

68-92- 
89-80- 
9313- 

66-83- 
55-35- 
51-89- 



- 70-13 

- 74-93 

- 71-94 

- 89-85 

- 97-85 
■103-26 

- 94-54 

- 92-33 

- 97-95 

■ 54-44 

- 47-98 

- 46-65 

- 75-04 

- 59-04 

- 52-45 

■ 71-17 

- 75-96 

- 82-99 

- 70-98 

- 91-21 

- 94-12 

- 68-49 

■ 57-66 
53-46 



Ester Value 
(E.-Z.). 



20-95—26-86 
35-20—35-96 
37-60-37-64 

43-83—44-90 
53-49—59-63 
66'21— 66-96 

52-62—53-20 
51-73—54-26 
58-12—58-98 

8-22— 8-46 
3-08- 3-47 
4-98- 6-36 

27-82- 3207 
17-71—17-83 
11-34—12-33 

17-03—17-30 

9-35-12-78 

12-82—13-97 

10-82-11-00 

14-24—15-49 

2-45— 2-80 

26-81—26-88 
21-49- 23-57 
21-10—22-35 



The effects of adulterants on normal Para balsam may be 
stated as follows : — ■ 

1. Gurjun balsam increases the sp. gr., reduces the acid 
value, and considerably heightens the saponification and ester 
values. 

2. Olive oil, ricinus oil, and other fatty oils lower the 
sp. gr. and acid value, but considerably increase the saponifica- 
tion and ester values. 

3. Sassafras oil heightens the sp. gr., but depresses the 
acid and saponification values. 
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4. Oil of turpentine lowers the sp. gr. and acid value, but 
largely increases the ester value. 

5. Venice turpentine raises the sp. gr. and the acid, ester, 
and saponification values. 

6. Colophony raises the sp. gr., acid value, and saponifica- 
tion value. 

7. Liquid paraffin reduces the sp. gr., greatly lowers the 
acid value, and considerably increases the saponification value. 

In the case of abnormal values furnished by Para balsam, 
the author's method affords a means of forming a relatively 
accurate opinion as to whether the sample is old, resinified, 
adulterated, or altered in some other way. The following 
indications will serve as a guide : — 



When Para balsam exhibits the following 
abnormalities : — 

I. Unduly high sp. gr. 
Do. low acid value. 
Do. high saponification value (cold). 
Very high ester value. 

II. Unduly low sp. gr. 

Do. acid value. 
Very high ester value. 

Do. saponification value. 

III. Unduly high sp. gr. 

Do. low acid value. 

Do. do. saponification value. 

IV. Unduly low sp. gr. 

Do. acid value. 
Very high ester value. 

V. Unduly high sp. gr. 

Do. acid value. 

Do. ester value. 

Do. saponification value. 



The presence of the 

subjoined bodies may 

be presmned — 



Gurjun balsam. 



Olive oil, ricinus 
' oil, and fatty oils 
generally. 



Sassafras oil. 



Oil of turpentine. 



1 
I 



Venice turpentine. 
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I 



YI. Unduly high sp. gr. 

Do. acid value. V Colophony. 

Do. saponification value. J 

Yll. Unduly low sp. gr. 'i 

Very low acid value. I Liquid paraffin. 

Do. high ester value. J 

With regard to sp. gr., the remarks already passed on 
Maracaibo balsam also apply here. 

9. Surinam Copaiba Balsam. 

Origin. — Copaifera guianensis and other Copa'iferse. 
Habitat. — Surin am. 

Chemical Constituents. — Copaibic acid, ethereal oil, 78 
per cent. (Pool). 

Greneral Properties and Commercial Varieties. — The 

balsam is a clear, pale yellow, non-opalescent liquid, resembling 
olive oil, and miscible in all proportions with ether, chloroform, 
petroleum ether, and carbon di-sulphide. In Surinam the 
balsam is known as " hoopal " or " hooper " oil, on account of 
the wood being used for hooping sugar casks. This balsam is 
seldom met with in commerce. 

Adulterants. — Other balsams. 

Analysis. — Pool investigated this balsam, with the follow- 
ing results : — 

The sp. gr. is 0*942, and the balsam is miscible with 
petroleum ether, chloroform, ether, and carbon di-sulphide in 
all proportions. Mixed in equal proportion with alcohol it 
turns turbid, but dissolves when the alcohol is increased four 
or five fold. The (hot) saponification value is 34. One and 
a half grm. of balsam combines with 94 mgrms. of iodine. 
The balsam contains ^S per cent, of a colourless ethereal oil 
of sp. gr. 0-94 and b.p. 250°-260° C. The residual resin 
left after distilling off this oil was extracted with dilute 
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alcohol, the evaporated extract leaving crystals of copaibic 
acid of m.p. 130° C. It differs from the ordinary thick com- 
mercial balsam by its solubility in petroleum ether. On 
shaking up the carbon di- sulphide solution with a mixture 
of equal parts sulphuric acid and nitric acid, the latter turns 
brown, but the former does not assume a violet tint. When 
mixed with one-third volume of ammonia, a clear solution is 
produced. Bromine in twenty parts of ^chloroform gives a 
handsome violet coloration with the balsam. Lead acetate 
gives no turbidity or precipitate. The ethereal oil gives a 
pure red coloration with bromine-chloroform mixture, ^ brown- 
red with concentrated sulphuric acid, and a green with chloral 
hydrate in the warm. 



10. West African (lUurin) Copaiba Balsam. 

Tschirch states that a West African Copaiba balsam, 
obtainable in the London market, gives the same reactions 
as Maracaibo balsam. Umney has also examined this 
balsam, and is inclined to attribute it to Hardwickia Manii. 
Several kinds have also been investigated by Peinemann 
{Ap. Ztg,y 1884, pp. 8 et seq,), especially as regards their 
contained oils. 

Gehe & Co. found — 



Sp. gr. . 


0-990 


Acid value, d. (S.-Z. d.) . 


57-60 


Residual resin . 


56 per cent. 



The balsam is thick, and of dark brown colour ; solidifies 
with ammonia, but gives no colour reaction under the 
D. A. III. test, thus behaving like true balsams. 

The author examined lUurin balsam by his own method, 



and found the following values : — 
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I. II. 

Acid value, d. (S.-Z. d.) . . 58-74 59-33 

Ester value (E.-Z.) . . . 9-62 9*62 

Saponification value, cold (V.-Z. k.) 68*36 68-95 

which agree with those obtained by Gehe & Co., and 

approximate Illurin balsam more nearly to Para balsam 

than to Maracaibo balsam. 

BIBLIOGRAPHY. 
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A. d. Ph. 211, p. 247.— Ulex, A. d. Ph. 205, p. 523.— Wagner, A. d. Ph. 204, 
p. 85.— Th. Wimmel, Ph. C, 1893, p. 600. 



11. Mecca Balsam. 

Balsamum de Mecca, 

Origin and Habitat. — Bahamodendron Gileadense ; 
Commiphora opobalsamum. Arabia. 

Chemical Constituents. — Ethereal oil, 1 per cent. ; 
soluble agglutinant resin, 70 per cent. ; insoluble resin 
(burserin), 12 per cent.; bitter extract, 4 per cent; acid 
matter and foreign admixtures, 1 per cent. (Bonastre) ; bitter 
principles and rescues (Baur). 

Oeneral Properties and Commercial Varieties. — 
The balsam varies, according to age, from a pale, thin liquid 
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to thick, dark yellow or brown, with a very agreeable aromatic 
odour when fresh, but smelling of turpentine when aged. 

In Bombay this Gilead balsam is Icnown as " Bakan- 
Katel," and is imported from Arabia, under the name of 
" Duhnul-balasan." The wood of the balsam tree (Balsavio- 
dendron opobalsamum) is known in India by the name 
" Xylobalsamum," the fruit as " Carpobalsamum." 

AdulteraJits. — Turpentine and artificial preparations of 
resin and oil of turpentine. 

Analysis. — The published data are very scanty. 

Hirschsohn found that several of the samples — of 
unknown purity — examined by him formed clear solutions 
in alcohol-ether, and also in petroleum ether. 

A. Kremel found — 

I. n. 

Acid value, d. (S.-Z. d.) 45*1 51-8 

E. Dieterich found — 

Acid value, d. (S.-Z. d.) 40-10-94-08 (!) 

Solubility in — 

Ether ^ 

Chloroform , ^ 

, I complete. 

Acetic ether 

Benzol ^ 

Alcohol (90 per cent.)^ 
Petroleum ether 
Oil of turpentine 
Carbon di-sulpbide 

Both these authorities determined the said value by the 
usual method. 

According to Sawer, the pure balsam is at first turbid 
and white, with a strong, agreeable odour, and bitter^ 
astringent taste. After a short time the balsam becomes 
thin, with a greenish sheen, then golden yellow, and finally 



almost complete. 
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the colour of honey. A single drop let fall into water sinks 
to the bottom, then rises to the top again, where it spreads 
out in a cloudy film, which rapidly hardens, owing to the 
evaporation of the ethereal oil, and can then be taken out of 
the liquid. According to Guibourt, the balsam in ageing 
turns brown and thick, and, as a result of the volatilisation 
of the ethereal oil, is no longer able to reascend and spread 
out when dropped into water. When rubbed in the hand, 
the balsam loses its ethereal oil, and becomes solid. When 
rubbed on paper, it makes no greasy mark; and it 
does not harden with calcined magnesia. On mixing 5 
grras. of balsam with 30 grms. of 90 per cent, alcohol, a 
milky liquid is produced, which in eight to ten days deposits 
a mucinous sediment and becomes translucent. 

According to Baur, this balsam is soluble in ether, ether- 
alcohol, acetone, and acetic acid, but 'forms merely a turbid 
solution with alcohol, petroleum ether, benzol, chloroform, 
toluol, and carbon di-sulphide, a brownish yellow superficial 
layer separating out from the last-named solvent. 

The. author has applied his balsam method to several 

specimens of Mecca balsam, one of them (I.) being fresh, and 

another (II.) old and resinified. The following values were 

obtained : — 

I. II. 

39-84 60-77 



{39- 
QQ. 



96 61-37 

rlOl-10 81-90 
Ester value (E..Z.) . . {^q^.^^ g2-66 

rl40-94 142-67 
Sapon. value, cold (V.-Z. k.) |-^^-^ .^^ 144-03 

The fresh, pure balsam had a very pale colour, highly 
agreeable aromatic odour, and lower sp. gr. than when old, 
the latter having a very disagreeable smell of turpentine, and 
being dark brown in colour and very viscid. As in the case 
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of copaiba balsam, the acid valae increases as resinification 
progresses. The high acid values (up to 90) obtained by E. 
Dieterich probably refer to old samples. 

Wiesner avers that when pure Mecca balsam is rubbed 
down with potato starch and examined under the microscope, 
the extreme outer contour of the starch granules alone 
remains visible, i.e. Mecca balsam has the same refractive 
power as starch. As soon, however, as an addition of fatty 
oil (6 per cent, and upwards) is made, the starch granules 
become well defined ; a test enabling adulteration with such 
oils to be detected. 

BIBUOGRAPHY. 

E. Dieterich. I. D. d. H. A., p. 28.— K. Dieterich, Ph. C, 1899, No. 20.— 
W Hirschsohn, A. d. Ph., 1877, p. 160.— A. Kremel, X. r. P. d. A., Vienn. 1899. 
— Sawer, Ap. Ztg.. 1895, p. 845. 

12. Peruvian Balsam. 

B^dmmuvi de Peru (officinal in German Pharmacopoeia). 

Origin and Habitat. — My^i-oxyliyii Pereira (Papilionace^e). 
Western Central America. 

Chemical Constitaents. — Cinnamein, consisting mainly 
of the benzyl ester of benzoic acid, ¥rith a smaller proportion 
of the benzyl ester of cinnamic acid, free cinnamic acid, 
vanillin, and the peraresinotannol esters of cinnamic and 
benzoic acids. The isolated perui-esinotannol has the formula 
CisH,oO, (Trog). 

According to the latest researches, cinnamein is princi- 
pally composed of esters of benzoic and cinnamic acids, with 
benzyl alcohol and a new alcohol, peruviol (C13H22O), which 
has an odour of honey. Cinnamic alcohol has not been 
detected, but di-hydrobenzoic acid is probable. The ratio of 
cinnamic acid to benzoic acid is about 40:60. Iso- and allo- 
cinnamic acid were not detected (Thorns). 
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The composition of white Peruvian balsam has not yet 
been accurately determined, the samples to be found in 
existing collections differing considerably from one another, 
so that no precise conclusions can be drawn. At all events, 
according to Germann, the product obtained from the fruit 
of Myroxylon Pereirce differs in composition from the white 
Peruvian balsam examined by him. Guibourt classes the 
white (Indian) balsam as identical with the American storax 
from Liquidamher styracijlua. (See Storax.) 

General Properties and Commercial Varieties. — At 

the present time the white variety from the fruit of Myroxylon 
Pereirce is no longer met with in commerce, the Hack balsam 
alone being now listed. This latter kind forms a thick, 
brownish black balsam, transparent in thin layers, the odour of 
which is very agreeable and aromatic, and the flavour irritat- 
ing. It is almost completely soluble in alcohol, chloroform, and 
acetic ether, but only partly soluble in other inert solvents. 

The balsam recovered by boiling the bark, Balsamo de 
Cascara or Tacuasonte, is of inferior quality. A balsam 
similar to the officinal preparation, and derived from Myro- 
carjms frondosus, is no longer in commerce. 

Adulterants, etc. — Eicinus oil, olive oil, and fatty oils 
generally, copaiba balsam, Gurjun balsam, colophony, tur- 
pentine, and Tolu balsam. 

Analysis. — Like copaiba, Peruvian balsam has been 
widely and thoroughly investigated. Unfortunately all the 
trouble taken has proved unavailing, the author having shown 
by means of sundry samples of undoubtedly pure balsam 
from Honduras, taken direct from the parent tree, that all 
the commercial qualities of Peruvian balsam are adulterated, 
and that quantitative tests alone are capable of determining 
the value of this balsam, qualitative tests never. This 
explains the extraordinary divergence in the reports furnished 
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by various workers, each of whom had different samples of 
the balsam, all adulterated, as the subject of their qualitative 
tests. 

Recently, specimens of San Salvador balsam, taken direct 
from the tree, were examined by Thorns, who- characterises 
the quantitative method as the only accurate one. Of the 
authors who formerly occupied themselves in devising and 
applying qualitative reactions that are no longer suitable 
— such as the lime and petroleum ether tests, as well as 
those given in the German Pharmacopoeia — the following 
may be mentioned : — Ulex, Grote, Evan, Nietsche, Schweic- 
kert, Oberdorffer, Vulpius, Musset, Gehe & Co., Caesar & 
Loretz, Hirschsohn, Kinzel, Schade, Wimmel, Denner, and 
others. 

The first quantitative method — determination of cinua- 
mein, styracin, etc. — was published in a large and thorough 
treatise by Andr^e. The same method was afterwards 
practised by Kremel, who, in addition, made determinations 
of the acid, ester, and saponification values. Gehe & Co. 
immediately evinced great foresight in rightly characterising 
these quantitative methods as a valuable progressive step. 

The estimation of cinnamein was subsequently recom- 
mended by Kinzel, without any reference to the previously 
published labours of Andree and Kremel. Thorns then 
raised objection to the methods given in the German Phar- 
macopoeia for the determination of the acid, ester, and saponi- 
fication values, by rightly laying emphasis on the existing 
excessive fluctuations. The sp. gr. was reported upon by 
Wimmel (extreme limits, 1*1 3 8 and 1*148; general range, 
1140-1*145), and also by Vulpius and Schlickum. Musset 
worked out a quantitative method, analogous to that of 
E. Dieterich by determining the portions soluble in benzine 
and alcohol ; Denner communicated new cholesterin reactions 
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and a quantitative method based on the behaviour of the 
alkaline-earth compounds of the various constituents. (More 
recently the cholesterin reactions of the resins and their 
constituents have again been investigated by Tschirch.) By 
means of authentic unadulterated specimens of Honduras 
balsam the author has been able to show that the tests 
prescribed by the German Pharmacopoeia are entirely errone- 
ous. He finds that — 

1. The perfectly pure balsam hardens with calcium 
hydrate, although the Pharmacopoeia states that it should 
not harden. 

2. When rubbed down with sulphuric acid and washed, 
the pure balsam does not furnish a hard mass — as required 
by the Pharmacopoeia (D. A. III.) — but gives an almost greasy 
mass. 

3. The test prescribed for. the detection of Gurjun 
balsam (bluish green coloration after extraction with benzine 
and treatment with HNOg) is in reality characteristic of the 
pure balsam, and therefore entirely useless for the purpose 
specified. 

4. Carbon di-sulphide extracts from the pure balsam 
certain constituents which strongly colour the solvent. 
Hence the requirement of the German Pharraacopoeia that 
the balsam should only slightly stain the carbon di-sulphide, 
and not turn the same brown, is in no way justified, nor does 
it furnish any conclusion as to the purity of the balsam. 

Consequently the foregoing qualitative reactions are 
devoid of any value, and it is not astonishing that various 
authors experimenting with these methods have arrived at 
divergent results, or that increasing difficulty has been 
experienced in finding specimens that would pass the tests, 
even the most skilful adulterators having apparently failed. 

In view of the variable composition of the product, it is 
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hardly a matter for surprise that the first values obtained by 
the use of quantitative tests were very irregular. Which of 
these values should be regarded as approximately normal 
was first shown by the author, with pure and unadulterated 
balsams, and later by Thoms with pure Salvador balsams. 

The colour reactions with hydrochloric chloral hydrate, 
recently communicated by Mauch, for the detection of 
adulterants in Peruvian balsam mav be mentioned without 
assigning them greater value than to colour reactions in 
general The Mauch chloral hydrate method may well be 
useful for detecting ricinus oil (which is sparingly soluble in 
60 per cent, chloral hydrate solution); treated in this way 
a balsam adulterated with 8 per cent, of ricinus oil gives a 
turbid mixture, whereas pure Peruvian balsam is soluble to 
a clear solution in five parts of a 60 per cent, solution of 
chloral hydrate. 

Kremel was the first to determine the acid, ester, and 
saponification values, and the percentage and saponification 
value of the contained cinnamein and resin esters, the cinna- 
mein estimation being performed by the Andr^e method. 

Kremel found — 

L IL IIL 

/Acid value, d. (S.-Z. d.) . 40-4 40*4 49*4 

Balsam J Ester value (E.-Z.) . . 187-8 199*2 181-1 

(Saponification value, hot (V.-Z. h.) 228-2 239*6 230-5 

I. IL m. IV. 

Per cent, of Cinnamein . . 68*75 67*53 66*65 77*53 

Do. Resin esters . . 29*94 32*31 32*95 21*58 



Cinnamein- 



f Acid value, d. (S.-Z. d.) 20*3 23*4 37*9 28'3 

Ester value (E.-Z.) . 214*7 207*0 202-0 68*5 
Saponification value, hot 

(V.-Z. h.) . . . 235-0 230-4 239*9 96*8 



Resin 
esters 
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I. 11. III. 

'Acid value, d. (S.-Z. d.) . . 93*0 824 714 

Ester value (E.-Z.) . . . 128*8 1104 1164 

^Saponification value, hot (V.-Z. h.) 221*8 192*8 187*8 



The following values were obtained, with Kremel's 
method, by E. Dieterich : — 

Acid value, d. (S.-Z. d.) 30*80- 61*60 

Ester value (E.-Z.) . . . 159*60-223*60 

Saponification value, hot (V.-Z. b.) 221*20-254*80 

Sp. gr. ..... 1*139 



Solubility in- 



Chloroform ^ , 

A X- i.1. J complete. 
Acetic etherj ^ 



Alcohol (90 per cent.) 99*74 per cent, soluble. 

Ether 93*77-97*60 

Benzol 94*27-98*03 

Petroleum ether 66*04-67*93 

Oil of turpentine 85*83-88*86 

Carbon di-sulphide 86*16-87*66 

The author made extensive researches with Peruvian 
balsam, and worked out the following new method for 
application thereto : — 

{a) Acid value, direct (S.-Z. d.) — 

One grm. of the balsam is dissolved in 200 c.c. of 96 
per cent, alcohol and titrated with alcoholic ^ potash, with 
phenolphthalein as indicator. The acid value is calculated 
by multiplying the volume of consumed alkali by 5-616. 

(6) Saponification value, cold (V.-Z. k.) — 

One grm. of the balsam is weighed into a 500 c.c. 
stoppered glass flask and left in contact with 50 c.c. of 
benzine (sp. gr. 0*700) and 50 c.c. of alcoholic \ potash for 
twenty-four hours at room temperature, the flask being kept 
well closed, and shaken up at frequent intervals. 300 c.c. 
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of water are then added, the whole shaken up to dissolve 
the deposited dark potash salts, and titrated with \ sulphuric 
acid and phenolphthalein, with constant agitation. The 
volume (cc.) of potash combined, multiplied by 2 8 08, gives 
the saponification value (cold). 
{c) E^^r mine (R-Z.)— 

This is obtained by subtracting the results of (a) from 
those of {h\ 

l<f> Poriion insoiubU in ether — 

To determine this portion quantitatively, 1 grm. of the 
^^'^Is^Bii is warmed with ether in a small beaker, and extracted 
^" a tared filter until the ethereal filtrate ceases to exhibit 
c-^lour or leave any residue when a single drop is tested by 
evaporation on a watch glass. The residue on the filter is 
^Ined at 100' C, weighed, and calculated in percentages. 

(^) Ik*erminatioH of the aromiUic and rolatUe constiHieitts 
(cinnamein, etc) — 

The practical performance of the cinnamein estimation 
toUows on after the preceding determination, the ethereal 
solution from Kd\ being shaken up with 20 clc. of 2 per cent 
caustic sodi in a separating tunnel and carefully separated, 
a single agitation being quite sufficient to dissolve the resin 
ester as welL The yellow ethereal solution is left to 
evaporate spontaneously, and, when no more ether can be 
detected, is placed in a desiccator for twelve hours. After 
wei^fains. the residue is returned to the desiccator for a 
further twelve hours and is then reweigfaed, the mean of 
the two results being taken as the normaL 

(/) lUsin, esiimatiau — 

To determine the resin ester, the brown alkaline resin 
solution separated from the ethereal liquid is precipitated 
with dilute hydrochloric acid, dltered through a tared filter, 
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and washed, by means of the aspirator, in a minimum of 
water until the washinos cease to give a reaction for chlorine. 
The resin, dried at 80° C. until constant, is then calculated 
in percentages. In addition, the ratio between the resin 
ester and cinnamein must be calculated. 

{g) Sp, gr, determination — 

By these means the author obtained the subjoined 
extreme values from various commercial balsams — 



Sp. gr. .... 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 
Saponification value, cold (V.-Z. k 
Resin ester .... 
Aromatic bodies (cinnamein, etc.) 
Portion insoluble in ether 



1-135-M45 
60-0- 80-0 
180-0-200-0 
) 240-0-270-0 
20-0- 28-0% 
65-0- 77-0% 
1-5- 4-5% 



I. 


II. 


III. 


. 77-46 


76-92 


77-34 


. 165-61 


137-42 


137-67 


. 243-07 


214-34 


215-01 


. 71-41% 


77-56% 


73-63% 


. 15-70% 


13-18% 


17:32% 


. 4-38% 


4-31% 


3-57% 



In the case of authentically pure, natural Honduras 
balsam he found the values given below — 

Acid value, d. (S.-Z. rl.) . 
Ester value (E.-Z.) . 
Saponification value, cold (V.-Z. 1<.) 
Aromatic bodies (cinnamein, etc.) 
Resin ester .... 
Portion insoluble in ether 

The results of the author's researches on Peruvian balsam 
may be summarised in the following sentences : — 

1. Saponification with alcoholic alkali under a reflux 
condenser ; as also by the aqueous method, wherein steam is 
blown into the alkaline liquid ; and by the hot method with 
benzine and alcoholic alkali, under a reflux condenser, — 
furnishes in all these cases results that are below the truth. 

2. Saponification with benzine and alcoholic alkali by the 
cold process, and titration after dilution, gives a more sharply 
defined end reaction, and higher, more constant values ; the 
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figures found in the case of the balsams examined being 260- 
270, against 218—259 as formerly given. 

3. In determining the acid value direct, extreme dilution 
is necessary. The balsams examined gave values 68-80, 
agreeing with older figures. 

4. Adulterants increase the acid value and reduce the 
cold saponification value, so that these changes indicate 
adulteration. 

5. The ester value determined by difference varied 
only between 188 and 196 in the samples tested by the 
author, whereas earlier workers record 155—206. 

6. An unduly low ester value indicates adulteration, and 
if it fall below 100 the presence of colophony, Tolu balsam, 
or benzoin may be inferred. 

7. The estimation of the portion insoluble in ether is 
useful as a means of identification, but not in detecting 
adulteration. The proportion of this insoluble matter varied 
from 1*5 to 3 per cent, in the commercial varieties tested. 

8. The percentage of cinnamein in the specimens examined 
ranged from 65 to 75 per cent., and t^he resin ester from 20 
to 28 per cent., the ratio being 1 : 3 on the average. Satios 
of 1 : 2 and 1 : 5 indicate considerable adulteration. In point 
of value, a balsam rich in cinnamein is superior to one rich 
in resin ester. 

9. The refraction index of Peruvian balsam does not lie 
between 1*42 and 1*49, corresponding to the 100° scale of 
the butter refractometer. 

10. The critical temperature of Peruvian balsam is 
indeterminable, and the Maumen(5 value is useful merely as a 
means of identification. 

The author has also applied this method to a number of 
adulterated samples, with the results given in the subjoined 
table : — 
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I. Acid value, direct — 



Peruvian balsam adulterdted with — 



5% 



Copaiba balsam 
Storax 
Ck)lophony 
Benzoin . 
Ricinus oil 
Tolu balsam 
Turpentine 



IF. Saponification value, cold- 



68-04 
91-00 
91-00 
92-40 
113-12 
140-00 
66-64 



10% 


20% 


72-24 


84-28 


7616 


84-28 


148-96 


166-32 


116-20 


167-44 


118-72 


130-48 


148-96 


166-32 


62-60 





Peruvian balsam adulterated with — 




5% 


10% 


20% 


Copaiba balsam 


246-0 


240-0 


212-8 


Storax 










254-0 


249-0 


240-0 


Colophony 










252-0 


252-0 




Benzoin . 










240-8 


236-6 


232 


Ricinus oil 










243-6 


236-6 


229-6 


Tolu balsam 










258-0 


252-0 


243-0 


Turpentine 










252 


235-0 


212-8 



III. Ester value- 



Peruvian balsam adulterated with — 


5% 


Copaiba balsam 


178-96 


Storax 


183-44 


Colophony 


161-00 


Benzoin 


148-40 


Ricinus oil 


130-48 


Tolu balsam 


118-00 


Turpentine ...... 


186-35 



10% 


20% 


167-76 


137-41 


172-84 


155-72 


104-04 


65-68 


120-40 


61-62 


117-88 


99-12 


103-24 


77-28 


172-40 


— 



IV. Cinnamein and aromatic constituents ; also resin 
ester — 



Peruvian balsam 
adulterated with — 



Copaiba balsam 
Storax 
Colophony 
Benzoin . 
Ricinus oil 
Tolu balsam 
Turpentine 




24-05 
17-28 
17-50 
22-90 
21-00 
27-32 
25-78 



Cinnamein 


1 

Resin 


0/ 

/o 


% 


65-95 


27-98 


72-35 


18-06 


73-25 




68-05 


22-56 


73-50 


20-36 


67-05 


25-72 


65-02 


26-10 



Cinnamein 1 

% 


Resin 

0/ 

/o 


63-03 


31-90 


73-02 


19-06 


69-25 


21-56 


74-68 


16-88 


67-76 


' 31-44 


62-08 i 


1 



Cinnamein 



60-82 
73-70 

68-40 
80-10 
60-07 



5% 



10% 



20% 
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V. Portion insoluble in ether — 



Peruvian balsam adulterated with — 


5% 


10% 


20% 


Copaiba balsam 


0-96 


1-06 


0-98 


Storax 




1-86 


1-24 


0-66 


Colophony .... 




170 


1-62 


1-05 


Benzoin .... 




1-12 


0-82 


0-56 


Ricinus oil . 




0-54 


0-92 


0-52 


Tolu balsam . 




0-56 


0-50 


0-28 


Turpentine .... 




94 


0-92 


0-61 



From these data he concludes that — 

1. Adulterants increase the acid value and depress the 
saponification value (cold); hence low saponification values 
and high acid values indicate adulteration. 

2. An unduly low ester value points to adulteration, one 
below 100 indicating falsification with colophony, Tolu balsam, 
or benzoin. 

The author agrees with Gehe & Co. that a Peruvian 
balsam should contain at least 65 per cent, of cinnamein 
(K. Dieterich method) and not more than 28 per cent, of 
resin ester, the value of the balsam being in direct proportion 
to the amount of cinnamein, and in inverse ratio to the 
quantity of resin present. The Honduras balsams contain 
over 70 per cent, of cinnamein. In order to avoid laying 
too stringent requirements on commercial grades, the author 
proposes 240 as the minimum saponification value (V.-Z. k.). 
Both Gehe & Co. and Caesar & Loretz refer to the author s 
method, and the results obtained therewith, as marking a 
further advance in the analysis of Peruvian balsam. 

Gebe & Co. found — 

Cinnamein content .... 
Sapon. value, hot {Y,-Z, h.), of same . 

by the following method : — 

About 5 grms. of Peruvian balsam were shaken up with 
5 grms. of water and an equal quantity of standard caustic 



57-60 per cent. 
235-238 „ 
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soda solution, the cinnamein being then extracted by a triple 
agitation with 10 grms. of ether each time, expelling the 
solvent in the water bath, and weighing the residual cinna- 
mein. Some time was required to expel the final traces of 
ether, and frequent weighings had to be made before the 
residue attained constant weight. The weighed residue was 
treated with 35-40 c.c. of alcoholic | potash and about 
20 c.c. of alcohol, and saponified in the water bath. The 
excess of alkali was titrated back with ^ hydrochloric acid. 

By this method Gehe & Co. examined a large number of 
commercial samples of Peruvian balsam, and reported twelve 
months after their first communication that the percentage 
of cinnamein in reliably pure balsams varies between 56*5 
and 62*2 per cent., the saponification value (hot) of the 
cinnamein being 236-240. 

Whereas the author, dreading an excessive and too ready 
volatilisation of the cinnamein during the evaporation of the 
solution, therefore avoids resorting to heat for this operation. 
Gehe & Co. had a different experience, and warmed the 
solution in an Erlenmeyer flask. The resulting values are 
consequently somewhat lower than those from the author's 
method, though the values in each case are concordant. 

Finally, mention may be made of the combined method 
elaborated by Thoms from those of the author and Gehe & 
Co., because Thoms, as already stated, employed perfectly 
pure San Salvador balsams obtained direct from the 
gatherer. 

Thoms found — 

Sp.gr M39 

Acid value, d. (S.-Z. d) . 83. ^^^^,,^^1, method). 
Sapon. value, cold (Y.-Z. k) 2641 ^ ^ 

Insoluble in ether . . 3*36 per cent. 

Cinnamein. — (a) By the K. Dieterich method — with this 
7 
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modification, that the etheral solution of cinnamein was shaken 
up twice with 2 per cent, caustic soda, followed by shaking 
up twice with water, and warming the residue half an hour 
in the water bath after the evaporation of the ether — 

1. = 60*84 per cent. 

2. = 60-88 

3. = 61-30 






{b) By Gehe & Co.'s method- 



4. = 60*52 per cent. 

5. = 61-036 

6. = 60-22 

7. = 60-768 



»» 



j> 



jj 



The estimations Nos. 1 and 2 were made by Liiders, No. 
3 by Thorns, Nos. 4 to 7 by E. Kennert. Four of the tests 
were performed by the Gehe method, in order to ascertain 
the effect of varying durations of the evaporative process on 
the yield of cinnamein. The foregoing figures show that no 
great fluctuations were produced. 

Ester value of cinnamein (Gehe's so-called "saponifica 
tion value ") — 

(a) Of the cinnamein obtained by the Dieterich method — 

No. 3.= 239-8 
(h) Of the cinnamein from the Gehe method — 

No. 7. = 240-9 

Eesin ester (Dieterich method) — 

No. 1. = 20*28 
No. 2.= 19*76 

Thoms prefers the author's agitation method, but re- 
peated the shaking up several times, and thereby obtained 
values agreeing with those of Gehe & Co. 

The saponification value (V.-Z. h.), or more properly 
the Ester value (E.-Z.), of cinnamein, was determined by 
Thoms in the following manner : — 
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The cinnamein is washed by a little alcohol into a flask, 
where it is treated for an hour with 50 c.c. of alcoholic ^ 
potash, and afterwards warmed in the water bath for 
another hour. 

The precipitated potassium salt is redissolved in a little 
water and, when cooled, the whole is titrated back with yo 
hydrochloric acid in presence of phenolphthalein. The dififer- 
ence between this value and 50, multiplied by 0*005616, 
gives the quantity of KHO consumed in saponifying the 
cinnamein present. 

The following results were obtained by Hampe in apply- 
ing the author's method to an adulterated sample of Peruvian 
balsam : — 

Acid value, d. (S.-Z. d.) . . . 72*90- 74-09 
Ester value (E.-Z.). . . . 145-01-145-04 (!) 
Saponification value, cold (V.-Z. k.) . 218-3 -219-1 (!) 
Insoluble in ether . . . .0-93 per cent. (!) 
Cinnamein and aromatic constituents 58-69 „ (!) 
Resin ester 24 28 „ (!) 

The sample did not form a perfectly clear solution in 60 
per cent, chloral hydrate. It was very thin, and rather pale 
in colour, reddish in thin layers. 

Since the values given by normal balsam lie within other 
limits, the saponification value being not less than 140, the 
insoluble in ether not below 1-5 per cent., and the cinnamein 
content not lower than 65 per cent., the foregoing balsam 
was undoubtedly adulterated. 

The author found in his researches on Peruvian balsam 
{ff. A., 1896) that adulterants raise the acid and lower the 
saponification values. Perfectly pure balsams contain up to 
4 per cent, of matters insoluble in ether, and form a per- 
fectly clear and complete solution in the aforesaid chloral 
hydrate solvent. From these results, it is evident that the 
author's method answers well in practice. 
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The following values were obtained by Gregor as methoxyl 

values (M.-Z.) : — 

16-7 
21-8 
22-6 

With regard to the German Pharmacopoeia tests for 
Peruvian balsam, the reader is referred to the author's paper 
in the PA. C, 1898, No. 19. 
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13. Tolu Balsam. 

Balsamum de Tola (officinal in German Pharmacopoeia III.). 

« 

Origin and Habitat. — Myroxylon Toluifera (Papilion- 
acese). Northern portion of South America. 

Chemical Constituents. — Acids, oily constituents mainly 
composed of the benzyl ester of benzoic acid, and to a 
smaller extent of the benzyl ester of cinnamic acid, 7*5 per 
cent..; impurities, 3 per cent.; vanillin, 0*05 per cent.; 
cinnamic and benzoic acids, 12-15 per cent.; the tolu- 
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resinotannol esters of cinammic and benzoic acids. Accord- 
ing to Oberlander, the isolated toluresinotannol . has the 
formula CieHi^OgOCHgOH. 

General Properties and Commercial Varieties. — When 
fresh, the balsam is brownish yellow, quite transparent in 
thin layers, and free from crystals. Older specimens are 
hardened, and exhibit a crystalline structure under the micro- 
scope ; the colour is reddish brown ; melting-point, 60"-65° C. ; 
flavour, aromatic and irritant. It is soluble in alcohol, chloro- 
form, and alkalis, the alcoholic solution having an acid 
reaction. The opinion that carbon di-sulphide does not dis- 
solve this balsam (see Detection of Colophony) is untenable, 
samples being known which give up considerable amounts to 
this solvent. 

Adulterant. — Colophony. 

Analysis. — Earlier examinations of Tolu balsam showed 
that this product is largely adulterated, mostly with colo- 
phony. The practice had been largely promoted by Jhe 
remarkable requirements laid down by the German Phar- 
macopoeia (D. A. III.), which prescribes " hardened " balsam. 
The values obtained must therefore be accepted with a 
certain amount of reserve. The qualitative detection of 
colophony has been dealt with by Braithwaite, Gehe & Co., 
Cripps, and Hirschsohn, whilst Thoms and Gehe & Co. have 
criticised the German Pharmacopoeia tests. Particulars of 
the Storch-Morawski method for detecting colophony will 
be found in the description, etc., of that resin. Another 
point recommended as a special criterion of Tolu balsam, was 
the degree of solubility in benzol (maximum, 5 per cent.). 
Quantitative researches, dealing particularly with the deter- 
mination of the acid, ester, and saponification values, by the 
usual methods, were first published by Kremel, and after- 
wards by Beckurts and Briiche. 
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A. Kremel found — 

L IL 

Acid value, d. (S.-Z. d.) . . 127-2 100*6 
Ester value (E.-Z) ... 26*7 58*7 

Saponification value, hot (V.-Z. h.) 153-9 159*3 

Beckurts and Briiche found — 

Sp.gr 1*092-1-101 

Acid value, d. (S.-Z. d.) . . . 106-132 

Ester value (E.-Z.) .... 55-71 

Saponification value, hot (Y.-Z. h.) . 177-188 

Ash 0-25-1-2% 

They preferred the Schmidt test to the acid value 
determination as a means of detecting colophony, since the 
acid value does not begin to work out abnormally high until 
the proportion of colophony attains 20 per cent. In the 
Schmidt test, 0*5 grm. of balsam is left in contact with 25 
C.C. of carbon di-sulphide for half an hour, with occasional 
shaking; then filtered, and the filtrate evaporated in a 
porcelain basin. Colophony, when present, is revealed in 
the residue by its smell and the green coloration produced 
on adding a few drops of sulphuric acid to the dissolved 
residue. Pure Tolu balsam should be practically insoluble 
in carbon di-sulphide. According to Braithwaite, however, 
this solvent removes cinnamic acid ; and this authority 
prescribed the following modification of the above test: — 
When 5 parts of the balsam are warmed twice with 25 or 
10 parts of carbon di-sulphide, the filtrate should leave, on 
evaporation, a crystalline residue, which should give a (hot) 
saponification value of not less than 300 parts KHO per 
1000 parts. 

Schmidt's results conflicted greatly with those of E. 
Dieterich (see below), who found nearly 90 per cent, soluble 
in carbon di-sulphide ; and, in any event, this portion of the 
Schmidt test is uncertain. 
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E. Dieterich found — 

Acid value, d. (S.-Z. d.) . . . 114-80-158-60 
Ester value (E.-Z.) .... 31-20- 40*50 
Saponification value, hot (V.-Z. h.) . 155-30-187-40 



Solubility in — 

Alcohol (90 per cent.) ) , ^ 

A . . .1 > complete. 

Acetic ether J ^ 



Chloroform — almost complete. 

Ether . . . 53 -20-87 -90 % soluble. 



Benzol 

Petroleum ether . 
Oil of turpentine 
Carbon di-sulphide 



82-27 % to almost complete. 
2-22-10-22 %^ 
27-82-54-55% [soluble. 
19-60-88-18%; 



These very high rates of solubility in carbon di-sulphide 
show the unreliability of this portion of the Schmidt test, 
although it may be presumed that adulterated samples were 
employed. At any rate, the acid, ester, and saponification 
values afford a better criterion. Pure Tolu balsam appears 
to be practically unknown in commerce, a circumstance 
explaining the small reliance to be placed on the above 
test. A renewed thorough investigation of this product is 
urgently required. 

With regard to the testing and solubility of Tolu balsam, 
Gehe & Co. express themselves as follows : — 

Under prolonged storage, or as the result of a brief 
warming in the water bath, the balsam loses 8-10 per 
cent, in weight, and passes into a brittle condition. The 
preference given in the Pharmacopoeia to hardened balsam, 
for which tenable grounds are lacking, is the reason why 
the hard balsams now current in the German drug market 
are almost exclusively hardened with colophony, which 
cannot be detected by the test prescribed in the Pharma- 
copoeia. Even pure balsam is not insoluble in carbon 
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di-sulphide, but gives up as much as 25 per cent, to that 
solvent. Others even state that some kinds are soluble up 
to 80 per cent., though the purity of such samples appears 
to us questionable. 

The foregoing opinion agrees with the author's views on 
the tests and prescriptions of the German Pharmacopoeia, 
and on the carbon di-sulphide test. 

The values obtained with the author coincide fairly with 
those recorded by Beckurts and Brliche, Kremel, and E. 
Dieterich, and therefore do not need to be cited here. Tolu 
balsam should contain as little ash as possible. 

The methoxyl value (M.-Z.) is given by Gregor as 
41'6-41*7, and by Bamberger as 46*8. 

The German Pharmacopcsia test for Tolu balsam was 
discussed by the author in the Ph, (7., 1898, No. 19. 
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B. EESINS. 

Before dealing with the resins separately, it may be 
premised that for this group of substances, just as with 
the gum resins, much more divergent methods have been 
employed for determining their characteristic constants than 
is the case with the balsams. Extracts have been used to 
some extent which no longer corresponded to the natural 
drugs ; which is sufl&cient to partly explain the great 
fluctuations observable in the results, though these are also 
in some degree attributable to the very dark solutions given 
by the (mostly coloured) resins. 

A series of uniform methods, based on the modern 
chemistry of resins, tested in practice, and capable of 
obviating similar inconveniencies, was recently made public 
by the author ; and it is highly desirable that contributions 
to the establishment of a uniform system of judging, on a 
modem basis, should be presented by other workers, or that 
existing data should be subjected to confirmation, in order 
to furnish the highly necessary accumulation of numerical 
details. 

14. Acaroid Resin. 

Besina Acaro'ides (Xanthorrhosa Resin), 
I. Bed Acaroid Resin. 

Origin and Habitat. — Xanthorrhcea Australis, X, quad- 
rangnlaris, X. Drummondii, X. Preisii, etc., chiefly difierent 
species of Xaiithorrhosa (Asphodelese). New South Wales. 

Chemical Constituents. — Paracumaric acid, CgHgOg, in a 
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free state (1 per cent.) ; benzoic acid (traces) and para- 
cumaric acid (2 per cent.), both in combination with erythro- 
resinotannol, C40H39O9OH; paraoxybenzaldehyde (0*6 per 
cent.). The bulk (85 per cent.) of the resin consists of the 
erythroresinotannol ester of paracumaric acid. According to 
Hildebrand, the absence of cinnamic acid distinguishes this 
resin from yellow acaroid. 

II. Yellow Acaroid Eesin. 

Origin and Habitat. — Xanthorrhoea hastilis (Ajsphodeleae). 
Tasmania. 

Chemical Constituents. — Free paracumaric acid (C^HgOg), 
4 per cent. ; free cinnamic acid, 0*5 per cent. ; combined 
paracumaric acid, 7 per cent. ; combined cinnamic acid, 0*6 
per cent. Both acids form esters with xanthoresinotaniiol 
(C43H45O9OH), producing chiefly the corresponding ester of 
paracumaric acid, which forms the main constituent of this 
resin. In addition, there are also present styracin (CigHigOg), 
cinnamic phenylpropyl ester (?), paraoxybenzaldehyde (?), and 
vanillin (?), the latter, however, being somewhat uncertain. 
(Hildebrand.) 

General Properties and Commercial Varieties. — The 
red resin, or " grass tree gum," forms small, red-brown, dusty 
lumps, with lustrous fracture, and about 10 per cent, of 
impurities ; it is completely soluble in alcohol, and gives no 
reaction for cinnamic acid. 

The yellow resin (Kesina lutea, Botany Bay gum) is of a 
transparent yellow colour, also dusty, and gives the cinnamic 
acid reaction. 

Australian acaroid resins are now being collected, and 
are justly recommended as substitutes for colophony, particu- 
larly for sizing paper, for which purpose they have long been 
used in North America, as well as for enriching gas, and in 
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the manufacture of varnishes and perfumery ware. The 
resins of the various Xanthorrhma species difi'er not incon- 
siderably both externally and inwardly. (K. Dieterich, H. A., 
1897, pp. 37, 38.) 

Adulterants, etc. — Owing to the relatively low price of 
these resins, the only impurities likely to occur are extraneous 
mineral and vegetable matters. The different qualities of 
acaroid resin are also liable to be mistaken one for another. 

Analysis. — Although actual analytical reports on the 
acaroid resins are practically non-existent, this technically 
important material has been mentioned here on account of 
its introduction into Europe, and employment in the pre- 
paration of varnishes, paper, and perfumery. Its application 
to the production of gas is worthy of mention ; and in 
America it is used medicinally as a tincture (60 grms. of 
resin per litre of alcohol) in doses up to 70 grms. for phthisis 
and chronic catarrh. At the present time, acaroid resin 
from X. qimdrangularis is obtainable at a low price from 
Australia, and has rightly found favour. 

According to Maiden, the yellow acaroid resin does not 
soften in the mouth. Petroleum ether dissolves 1—2 per 
cent, and alcohol, 91—94 per cent. According to the 
author's researches, the acaroid resin from X, quadrangularis, 
and other red varieties, resembles the yellow resin in contain- 
ing no cinnamic acid. 

The red resin from X, arborea is soluble to the extent of 
about 3 per cent, in petroleum ether, but dissolves entirely in 
alcohol, except for the 5—10 per cent, of contained impurities. 
Hirschsohn found three different kinds to be completely 
soluble in alcohol, but only imperfectly so in chloroform and 
ether. 

Proper analytical data are very scarce. Schimmel & Co. 
report the following values for yellow acaroid resin oil : — 
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Acid value, d. (S.-Z. d.), 4*9; ester value (E.-Z.), 69*4; and 
saponification value, hot (V.-Z. h.), 74*3. This oil is practic- 
ally unimportant. 

Kitt found the following carbonyl values : — 

Yellow acaroid resin .... 0*29-0 '46 
Red do 0-84-0-98 

On the worth of these values, the author expressed him- 
self in Chem, Rev,, 1898, No. 10 (see also Wiesner, Bu 
technisch verwendeten Gummiarten, Bakame, und Harze, pp. 
189-195). In view of the important technical future before 
the acaroid resins, further analytical data are highly desir- 
able. 

BIBLIOGRAPHY. 

K. Dieterich, H. A., 1897, pp. 37 and 38; Chem. Rev., 1898, No. 10.— 
Hirechsohn, A. d. Ph. 213. p. 302.— Kitt, Ch. Ztg., 1898, p. 358.— Maiach, 
A. d. Ph. 219, p. 464.— Maiden, Ap. Ztg., 1891, R. 62.— Schimmel & Co., Ap. 
Ztg., 1897, p. 762, 

15. Anime. 

Resina Anime, 

Origin and Habitat. — The source of this resin is very 
uncertain, there being a number of other closely allied kinds, 
such as elemi, Eesina kikekunemalo, Eesina tacamahaca {q.v). 
In England the name " anime " is applied to copal, the soft 
varieties in particular, and some French drug merchants call 
Madagascar copal, "anim^." The resin from Hymencea 
Courharil is an entirely different product to West or East 
Indian anime, and the reason that anime has been erroneously 
confounded with Courbaril resin (Schmidt's Organ, Ghemie, 
1896; Kolbe's Organ, Ghemie, 1868), and JET. GourbarU 
regarded as the source of anime, is because Courbaril resin 
is called " American copal," and, as a soft copal, is termed 
" anime " in England. Even a superficial examination of 
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anime resin and its odour will be sufficient to clearly show 
that it has nothing in common with Courbaril and Madagascar 
copals. Anime is more nearly allied to elemi, whilst Courbaril 
and Madagascar are nearer to true copal. Probably, like 
elemi, anime is obtained from a species of Icifea (Burseracese). 
West and East Indies. 

Chemical Constituents. — Eesin soluble in cold alcohol, 
54'30 per cent.; pale yellow gelatinous sub-resin, resembUng 
turpentine in appearance, insoluble in cold, but soluble in 
hot, alcohol, 4280 per cent. ; ethereal oil, 24 per cent. 
(Paoli). 

General Properties and Commercial Varieties. — West 
Indian anime is in the form of brittle lumps, covered outside 
with white dust, yellowish white in colour internally, with 
a slight resinous lustre, smelling more like elemi than incense, 
and softening like mastic when chewed. It is almost com- 
pletely soluble in hot alcohol, but only imperfectly so in cold 
alcohol or benzine. This variety is darker than that from 
the East Indies. 

Host Indian anime takes the form of masses composed of 
smaller, rounded, irregular granules, of uneven reddish yellow 
colour, which are brittle and of waxy, lustrous fracture. It 
is more difficult to soften than the above variety, and is 
lighter coloured and stronger smelling — the odour resembling 
that of dill and fennel. 

Adulterants, etc. — ^Vegetable and mineral substances. 

Analysis. — No pure or characteristic specimens of this 
product being any more met with in commerce, the practical 
absence of analytical data is not surprising. Within the 
last decade anime was still an article of trade, but has now 
almost entirely disappeared. Williams examined several 
kinds of the natural product, by the usual methods, and 
obtained the following values : — 
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I. 


II. 


III. 


Acid value, d. (S.-Z. d.) . 


26-6 


18-2 


25-2 


Kater value (E.-Z.) . 


47-0 


55-4 


62-3 


Sapon. value, hot (V.-Z.h.) 


73-6 


73-6 


87-5 


Moisture .... 


o-i% 


0-48% 


0-31% 


Ash .... 


0-05% 


0:11% 


0-07% 



Hirschsohn obtained the following values for the (dried) 
constituents soluble in petroleum ether at 120° C: — 

Anime occidentale . . 72*89 per cent, soluble. 

Do. orientale . . . 74*05 ,, „ 

Do. do. ... 6505 ,, „ 

Do. do. ... 77*85 „ „ 

The author has examined East and West Indian anime 
by the same methods as Williams, and found the values 

given below : — 

East Indian. West Indian. 

I. II. III. IV. 

Acid value, d. (S.-Z. d.) . 29*69 30*64 45*36 47*20 

Ester value (E.-Z.) . . 29 77 38*76 113*93 102*39 

Sapon. value, hot (V.-Z. h) 59*46 69*31 159*29 149*.39 

The figures for I. and II. agree closely with those found 
by Williams, so that possibly the specimens examined by 
that worker were also East Indian anime. The values for 
the West Indian variety are seemingly much higher than 
those furnished by East Indian anime. 

BIBLIOGRAPHY. 

K. Dieterich, Ph. C, 1899, No. 30.— Hirschsohn, A. d. Ph. 211, p. 440.— 
Williams, Ph. C, 1889, pp. 150 et seq. 

16. Amber.^ 

Succinum, Succinite. 

Origin and Habitat. — Pinites succifer (primeval) (Abie- 
tinese). Prussian Baltic coast. 

^ The collective term "amber," which comprises a number of fossil resins, 
such as Succinite, Glessite, Stantienite, Beckerite, etc., is restricted here to 
Succinite, or true amber. 
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Chemical Constituents. — The borneol ester of succino- 
abietic acid, 2 per cent. ; free succinoabietic acid (C80H120O5), 
28 per cent.; succinic succinoresinol ester (C12H20O), 70 per 
cent. When split up by alcoholic caustic potash, succino- 
abietic acid yields a divalent alcohol. Succinoabietol 
(C4oHgQ02) and succiliosilvic acid (C24H3g02). Succinic 
succinoresinol ester is an oxidation product of succino- 
abietic acid. The portion of succinite insoluble in alcohol 
consists entirely of the succinic ester of succinoresinol. 
According to Aweng succinite contains sulphur. 

Gedanite has the same constituents as succinite, except 
that sulphur is absent. Owing to its inferior hardness as 
compared with succinite, Helm termed this variety " friable 
amber." Glessite seems to agree with succinite in com- 
position, except that, instead of borneol, it contains a 
substance recalling carvol. Allingite contains sulphur, but 
neither borneol nor succinic acid ; and, according to Aweng, 
the resin acid it yields is not identical with succinic acid. 

(General Properties and Commercial Varieties. — 
Succinite : yellow or yellowish brown, translucent or opaque, 
brittle lumps, with lustrous conchoid fracture ; melting-point, 
250°-300°C. 

Gedanite is of whitish yellow colour and transparent, 
without fluorescence or polarisation ; readily fractured ; 
froths up at 140° and 180° C. 

Glessite when examined under the microscope (100 
diameters) exhibits a cellular, globular structure, with 
granular contents. It has the same m.p. as succinite. 

Allingite is whitish yellow to reddish in colour, melts at 
300°C., and is of sp. gr. 1-076. 

Amber-gtcaiacum resin is not an amber, but a good 
quality of guaiacum (q^v.). The amber from the Baltic coast 
is specially known as Baltic amber. 
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Adulterants, etc. — Copal, colophony, and artificial 
amber. 

Analysis. — The present is not a suitable occasion for 
discussing more closely the many valuable contributions 
made by 0. Helm,^ or for reporting all the properties of the 
various kinds of amber mentioned above. A few important 
data that may be useful to the analyst in the differentiation 
of the various grades are subjoined from the publications of 
Helm and Potoni^.^ According to the latter, the following 
varieties of amber should be regarded as distinct : — 

I. Gedanite : pure yellow, transparent, frothing up at 
140°-180°C. and melting when heated further; also called 
" friable amber," and contains less succinic acid than 
succinite. 

II. Glessite : usually brown and opaque. 

III. Stantienite, or " black resin " : very brittle and pul- 
verulent. 

IV. Beckerite, or " brown resin " : opaque and viscous. 

V. Succinite, or "true amber": sp. gr. 1*050— 1*096, 
m.p. 250°-300°C. 

In working up amber into varnish, it is melted or dis- 
tilled (compare copal and dammar), the amber oil being then 
used as a solvent. When melted or distilled, amber is more 
readily soluble in oil of turpentine and fatty oils than in the 
crude state. 

(For a description of Siliciau and Eoumanian amber, see 
0. Helm, A, d, Ph, 218, pp. 307, 447.) 

It should be stated that amber is liable to be confounded 
with copal, which is employed to adulterate it, and that they 
may be differentiated by the fact that amber is insoluble in 
cajeput oil, which completely dissolves copal {q,v,), 

1 Particularly A, d. Ph. 213, 215, and 222. 
'^ Ph. a, 1890, p. 744. 
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According to Flemming, both copal and amber are soluble 
in the chlorhydrins of glycerin (epi-dichlorhydrin) — see table 
pp. 25 to 27 ; and true copal (not copal from Dipterocarpece 
and Coniferce ! — see Copal) is practically insoluble in 60 per 
cent, chloral hydrate. Furthermore, copal gives no ester 
value, whereas amber does ; and, in addition, copal is char- 
acterised by its ready solubility in ether and cajeput oil, 
as well as by the negative results furnished by testing 
a burning sample with paper moistened with lead acetate 
(absence of sulphurous bodies which escape from heated amber 
a3 secondary compounds and stain the test paper black). 
Amber is artificially imitated by coloured glass, celluloid, or 
colophony with artificial adjuncts. To detect colophony it is 
merely necessary to drop a little alcohol or ethylsulphuric 
acid on the suspected sample; pure amber is unattacked by these 
reagents, whereas an impure specimen will show a dull spot. 
The melting-point also afifords a definite indication of purity. 

Since it may happen that a large block of amber has been 
artificially prepared by pressing together a number of small 
fragments of amber, so that, by this means, inferior waste 
is worked up into valuable large lumps, 0. Helm devised a 
method for detecting such artificial products. With regard 
to " imitation amber " he says — 

" When polished, the transparent pressed blocks exhibit a 
peculiarity distinguishable by none but a skilled eye, namely, 
when the block is held up to the light, so far from its 
structure being perfectly homogeneous, the whole interior 
seems to be traversed by a number of hazy wave-like films, 
which are in reality the surfaces of contact of the individual 
lumps composing the block. 

" Under polarised light this pressed amber behaves in a 

very characteristic manner. When placed between crossed 

Nicol prisms, polished Baltic amber reveals faint, but seldom 
8 
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bright, interference bands. On rotating the polariscope 
through 90° the colours pass into their com piemen taries, and 
return to their original condition when the rotation attains 
180°, thus changing twice during a complete revolutioD. 
The usual colours observed are red, green, and orange, to blue. 
A block composed of small fragments of amber pressed 
together always exhibits bright interference bands, both 
adjacent and frequently intermixed, which vary accordiDg 
to the size of the constituent fragments, on changing the 
field of vision. Frequently all shades of colour can be seen 
in the field at once, and change into their complementaries 
on the polariscope being rotated through 90°." 

In the less transparent kinds of amber this means of 
dififerentiation is not so readily applicable. Klebs, however, 
has found another characteristic indication. As already 
observed by Helm, in 1878, all cloudy and opaque kinds of 
amber, when viewed under the microscope, exhibit in their 
interior a number of round, oval, or elongated cavities of 
various dimensions. The size, position, and number of these 
cavities differ greatly, and give rise to the different qualities 
of commercial clouded amber. Under the heavy pressure 
(up to 3000 atmos.) employed in making the artificial blocks, 
these cavities are compressed, and, when viewed under the 
microscope, exhibit a flattened, often dendritic appearance. 
In addition, it is stated by Klebs that clouded pressed amber 
can be recognised by the more cloudy appearance of the clear 
matrix, the turbid portions being seemingly arranged in 
parallel strips, like cirrhus clouds. At the planes of trans- 
ition, between the clear and clouded parts, the yellowish red 
tinge produced by transmitted light and the bluish sheen 
by reflected light (with dark background) are thrown up 
more distinctly by the extremely fine cavities than is the 
case with natural amber. 
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O, Eossler reports as follows on the dififerentiation 
between copal and amber : — 

" To decide whether a sample is true amber or a fossilised 
East African copal, the sulphur content should be examined. 
When a fragment of amber is heated in a small glass tube, 
fused at the lower end, sulphurous vapours are evolved, 
and will blacken a piece of paper, moistened with lead 
acetate, held at the mouth. On the other hand the copals, 
of whatever origin, are free from sulphur. Samples of amber 
from Troy and Mycene were found to be true amber." 

In addition to the differential characteristics of the 
various kinds, and the adulterations, a number of purely 
analytical data are available^ 

Thus Williams found — 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z) 
Saponification value, hot (V-.Z. h.) 
Moisture ..... 

by the usual methods. 
A. Kremel found — 

Acid value, d. (S.-Z. d.) 

Ester value (E.-Z.) 

Saponification value, hot (V.-Z. h.) 

by the same methods ; the concordance is not very striking. 
Von Schmidt and Erban found — 

Natural amber — Saponification value, hot . 144*8 
Fused amber — Saponification value, hot . 36*0 

values which, although determined by the same methods as 
used by the earlier authors, agree but poorly with the latters' 
results. In point of solubility, von Schmidt and Erban give 
the following particulars : — 



15-4 




71-4 




86-8 




1-05 


per cent. 


0-28 


>> 


I. 


II. 


34-4 


33-4 


74-5 


9M 


108-9 


124-5 
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Solubility in— 

Alcohol 

Ether 

Methyl alcohol 

Amyl alcohol . 

Benzol . 

Petroleum ether 

Acetone 

Glacial acetic acid 

Chloroform 

Carbon di- sulphide 

Oil of turpentine 



Fused, 
almost insoluble 
partly soluble 
almost insoluble 
partly soluble 
almost entirely soluble 
almost insoluble 
alnvQst insoluble 
partly soluble 
partly soluble 
almost entirely soluble 



Natural, 
almost insoluble, 
almost insoluble, 
almost insoluble, 
almost insoluble. 
almost insoluble, 
almost insoluble, 
insoluble, 
almost insoluble, 
almost insoluble, 
partly soluble, 
partly soluble. 



almost entirely soluble 

As already mentioned, amber, being an esteriferous resin, 
gives ester values, and is thus analytically distinguishable 
from copal, which does not. 

BIBLIOGRAPHY. 

Aweng, A. d. Ph. 233, p. 660.— O. Helm, Ph. C, 1892, p. 589 ; A. d. Ph. 
213, p. 496 ; 215, p. 540 ; 218, pp. 307, 447 ; 233, p. 191 ; 224, p. 860.- 
Kremel, N. z. P. d. A., 1889, p. 133.— Napier and Draper, A. d. Ph. 166, p. 81. 
— Potonie, Ph. C, 1890, p. 744.— O. Rossler, A. d. Ph., 1899, p. 237, 239.- 
Von Schmidt and Erban, R. E., vol. v. pp. 142-143.— Williams, Ph. C, 1889, 
pp. 150 et scq. 

17. Slam Benzoin. 

Resina Benzoes (officinal in German Pharmacopoeia). 

Origin and Habitat. — Styrax Benzoin (Styraceee). Siam. 

Chemical Constituents. — Oily neutral liquid, an ester of 

benzoic acid (the alcohol being probably cinnamic or benzyl 

alcohol), 0*3 per cent.; vanillin, 01 5 per cent.; free benzoic 

acid; impurities, 1*6— 3 3 per cent; benzoic benzoresinol 

ester, and benzoic siaresinotannol ester. Benzoresinol has 

the formula CigHgeOa; siaresinotannol, the formula CigHj^Og. 

The bulk of Siam benzoin consists of the mixture of benzoic 

benzoresinol ester and benzoic siaresinotannol ester : — 

Benzoic acid . .38*2 per cent. 
Siaresinotannol . . 56*7 „ 
Benzoresinol . 5*1 „ (LUdy), 
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General Properties and Commercial Varieties. — 

Whilst Siam benzoin is in the form of smooth, rounded, 
brownish lumps, white inside and generally light coloured 
and pure, the other varieties — such as Sumatra^ Padang, 
Penang^ and Palemhang benzoin — are impure blocks or 
masses of a reddish grey colour, with isolated embedded 
pale tears. Siam, Padang, and Palembang benzoin contain 
no cinnamic acid, which, however, is present in the Sumatra 
and Penang varieties. Siam benzoin is the best kind, Palem- 
bang and Sumatra coming next in order. 

Adulterants, etc. — Siam benzoin is adulterated with 
Padang and Palembang benzoin, and with mechanical impur- 
ities ; Sumatra benzoin, with Palembang, and mechanical 
impurities, colophony, dammar, storax, and turpentine. 

Analysis. — A number of authors, among whom may be 
mentioned Stoltze, Gras&mann, Helmstadt, Fr^my, v. d. Pliet, 
Wach, Unverdorben, Kopp, Hirschsohn, etc., have examined 
the various benzoins, more especially for their solubility, ash 
content, adulterants, and so on. For the most part the 
distinctive tests applied were merely qualitative ; a very 
thorough paper published some years ago in the A. d. 
Ph. (200, p. 205) deserves mention on account of its 
comprehensive character. Subsequently Hirschsohn examined 
the various kinds with regard to their percentage content of 
substances soluble in petroleum ether ; and then quantitative 
determinations were made by Kremel, Schmidt and Erban, 
Beckurts and Briiche, Helbing, Llidy, E. Dieterich, Evans, 
Dunlop, K. Dieterich, and others. Fr. Llidy, to whom we are 
indebted for an accurate knowledge of the different kinds of 
benzoin, and who has examined them on the basis of modern 
resin chemistry, must be considered as an experienced 
connoisseur of these bodies. He states that the very fluct- 
uating values obtained are attributable to the lack of uniform 
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methods. Unfortunatelj no one else but the author appears ^. 
to have investigated pure and adulterated benzoins on the g, 
lines of more recent experience. According to Liidy, Siam j. 
and Palembang benzoin differ from Sumatra and Penaog , 
benzoin by the fact that the former contain benzoic acid and : 
the latter cinnamic acid. It may also be mentioned that the w 
author has reported obtaining the reactions of cinnamic acid ■' 
with a Siam benzoin from the London market ; so that Siam '"* 
benzoins containing cinnamic acid would appear to exist, even 
though rarely met with. Helbing has shown that benzoin is ' 
largely adulterated, in the artificial products, containing sand, 
resin, and talc, which he obtained in the London Docks. 
Hirschsohn found — 

Per cent. Bolnble in Petroleum Ether — 
at 17°C. 120° C. dried. 
Siam benzoin . . 27-53 16-49 

Do. ... 26-66 21-19 

Do. in grains . 28-73 17-41) 

The acid, ether, saponification, and methoxyl values have 
also been determined. The figures quoted by Williams can- 
not be taken into consideration, the variety of benzoin being 
left unspecified. For the sake of completeness mention is 
made of the colour reactions obtained by Mauch with benzoin 
and chloral hydrate, without crediting them with more value 
than colour reactions in general. Von Schmidt and Erban 
have also ruported on the solubility, acid value, and saponifi- 
cation value of benzoin, but without giving the name of the 
variety examined. The detection of colophony in benzoiir 
by the Storeh-Morawski reaction will be found under 
" Colophony." 

A. Kremel found, from an extract — 
Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 
UaponiJi cation v^lj 



I 
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but as the natural drug was not employed these figures have 

a merely relative value. 

Beckurts and Briiche found — 

Sp.gr 1-150-1 -171 

Ash 0-27-1 -04 percent. 

Insoluble in alcohol 
rAcid value, d. (S.-Z. d.) 



I Saponification value, hot (V 



-Z. h 



2-1-4-0 
119-167 
39- 60 
) 172-211 



From an 
extract 



The same remark applies to these last three values as to 
those of Kremel and the following : — 
E. Dieterich found — 

'Acid value, d. (S.-Z. d.) . . 140-0 

Ester value (E.-Z.) . . . . 35-0 

^Saponification value, hot (V.-Z. h.) . 175-0 

All the foregoing authors worked with extracts, and by 
the usual methods. 

Evans found 1*30-2-48 per cent, of matters insoluble 
in alcohol. 

The author has recently made a thorough examination of 
the various benzoins, and has elaborated the following methods 
for dealing with the natural drugs instead of extracts : — 
I. Determination of ash. 

II, Acid value, ind. (S.-Z. ind.). 

One grm. of Siara benzoin, taken from a large average 
sample of the finely powdered drug, is treated in a flask with 
10 c.c. of alcoholic ^ potash and 50 c.c. of 96 per cent, 
alcohol for exactly five minutes, and then titrated back with 
Y sulphuric acid and phenolphthalein until a single drop of 
the indicator no longer assumes a red coloration when intro- 
duced, and until the precipitated salts rapidly and completely 
subside. The supernatant liquid should be of a pure yellow 
colour. The volume (c.c.) of combined alkali multiplied by 
28*08 gives the indirect acid value (S.-Z. ind.V 
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III. Saponificatian value, cold (V.-Z. k.). 

One grm. of Siam benzoin taken, as before, from an 
aveitige sample, is placed in a stoppered flask, and suffiised 
with 20 C.C, of alcoholic \ potash and 50 c.c. of benzine 
(sp. gr. 0*700). After leaving the closed flask for twenty- 
four hours at room temperature, the contents are diluted 
with alcohol and titrated back with | sulphuric acid and 
phenolphthalein. The number of c.c. of combined KHO 
multiplied by 28*08 gives the cold saponification value. 

IV. The ester value is found by subtracting the above 
acid value from the saponification value. 

The following constants, etc., are given as characteristic 
of Siam benzoin, examined by the author's method : — 

I. Ash = 0*03-1 -50 per cent. 
II. Solubility in alcohol should be complete except for a minute 

vegetable residue, 5 per cent, being the highest 
permissible limit. 

III. Acid value, ind. (S.-Z. ind.) = 140-170) , 

IV. Ester value (E.-Z.) = 50- 75 V ^ * J® 
V. Saponification value, cold (V.-Z. k.) = 220-240) ^®^*^^^* 

The author examined the influence of various adulterants, 
e.(j, colophony, dammar, storax, and turpentine, on these 
normal values, with the result that dammar was found to 
depress the acid value, turpentine the ester and saponification' 
values, and storax the acid value ; colophony, however, being 
difficult to detect, and only when present in large quantities. 
The melting-point and solubility in alcohol will also afiford 
useful aid in this connection. 

Finally, it may be mentioned that the following methoxyl 

values were obtained from Siam benzoin by Gregor and 

Bamberger : — 

Gregor. Bamberger. 
Methoxyl value 43*4 30*0 

Do. ... 43-0 28*5 
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(As to the worth of these figures compare Chem, 
Rev,, 1898, No. 10; and on the German Pharmacopoeia 
tests for Siam benzoin, see Ph. C, 1898, No. 20.) 

18. Sumatra Benzoin. 

Origin and Habitat. — Sty rax Benzoin (Styracese). 
Sumatra. 

Chemical Constituents. — Ash, 0*01 per cent.; free 
benzoic acid; styrol; traces of benzaldehyde (CgH^COH); 
benzol (CgHg); vanillin (CgHgOg), 1 per cent.; cinnamic 
phenylpropyl ester (CigHigOa), about 1 per cent. ; cinnamo- 
cinnamic ester = styracin (CigHi904C9H70), about 2-3 
per cent. ; cinnamic benzoresinol ester (CigHagOgCgH^O), and 
cinnamic benzoresinotannol ester, — this ester mixture is the 
main component of Sumatra benzoin. The isolated alcohols 
have the formulae — benzoresinol (crystalline) = CigHaeOg, 
and benzoresinotannol (amorphous) = CigH2o04. The 
impurities amount to about 14-17 per cent. (Fr. Llidy.) 

General Properties and Commercial Varieties. — See 
Siam benzoin, as also for Adulterants. 

Analysis : — 

Hirschsohn found — 

Per cent, soluble in Petroleum Ether — 

Dried at 17** C. at 1 20^0. 

Sumatra benzoin . 12*06 4*48 

Do. . . 7-70 2-06 

Do. . . 4-90 3-64 

Do. . . 9*83 2-98 

A. Kremel found (from extract) — 

Acid value, d. (S.-Z. d.) . . . . 96-0 
Ester value (E.-Z.) ..... 60-9 
Saponification value, hot (V.-Z. h.) 156*9 
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As in the case of Siam benzoin {q.v,) these figures are 
only of relative value. 

Beckurts and Briiche found — 



From 
extract 



Sp. gr. . 
Ash 

Insoluble in alcohol 
'Acid value, d. (S.-Z. d.) 
Ester value (E,-Z.) . 
, Saponification value, hot (V.-Z 



h.) . 



1 120-1-154 
0-15-0-60 % 

6-7 % 
97-132 

48-65 

160-188 



These last three values, like those found by Kremel, 
having been obtained from extracts, are not to be relied on 
as representing the natural product. 

E. Dieterich found — 



From 
extract 



Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
^Saponification value hot (V.-Z. h.) 
Moisture .... 

xxSU ..... 

Soluble in 96 per cent, alcohol 



93-76-186-60 

29-40-17080 

160-64-265-05 

4-00- 8-20 

0-57- 1-23% 

68-09- 85-80 % 



The above remarks apply also to the first three values 
on this list. 

The author has elaborated the following new method for 
Sumatra benzoin : — 

(a) Acid value, ind. (S.-Z. ind.). 

One grm. of benzoin, taken from a large finely powdered 
average sample of the drug, is placed in a flask and treated 
with 10 C.C. of alcoholic } potash and 50 c.c. of 96 per cent, 
alcohol. After leaving for exactly five minutes — no more — 
the contents are titrated back until yellow, with 2 sulphuric 
acid and phenolphthalein, i.e. until an added drop of the 
indicator no longer turns red, and until the precipitated 
salts settle down quickly and completely. The supernatant 
liquid should be pure yellow in colour. The acid value, is 
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found by multiplying the number of C.e. of combined KHO 
by 28-08. 

(b) Saponification value, cold (V.-Z. k.). 

One grm. of benzoin is taken from an average sample as 
before, placed in a stoppered flask holding 1 litre, and suf- 
fused with 20 C.C. of alcoholic ^ potash and 50 c.c. of benzine 
(sp. gr. 0*700). After standing for twenty-four hours at 
room temperature, the contents are diluted with alcohol and 
titrated back with | sulphuric acid and phenolphthalein. The 
saponification value is found by multiplying the volume (c.c.) 
of combined KHO by 28*08. 

(c) Ester value (E.-Z.) obtained by subtracting the above 
acid value from the saponification value. 

{d) Matters soluble in alcohol. 

Ten grms. of benzoin are extracted with hot 96 per cent, 
alcohol, the solution being then evaporated, and the residue 
dried at 100° C. and weighed. The undissolved portion is 
collected on a filter, and estimated after drying at 100° C. 

{e) Ash, — One grm. of substance is incinerated and calcined 
until of constant weight. 

By this method the author obtained the following 
values : — 



Acid value, ind. (S.-Z. ind.) 

Ester value (E.-Z.) . 
Saponification value, cold (V.-Z 
Soluble in 96 per cent, alcohol 
Ash .... 



k.) 



100-130 

65-125 
180-230 

78- 80 % 
0-0-1-5 °/ 



all from the natural drug, and not — as those obtained by 
Kremel, Beckurts and Briiche, and E. Dieterich — from extracts 
which do not correspond to the natural product. 

The author, in this case also, examined the alterations 
produced in these normal values by adulterants, and arrived 
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at conclusions similar to those already stated in the case of 
Siam benzoin (q.v,), 

Evans found 10*10-10'67 per cent, of matters insoluble 
in alcohol. 

Gregor and Bamberger found the following methoxyl 
values (M.-Z.) : — 



Gregor . 
Bamberger 



20-0-25-5 
13 -0-1 6 -5 



The detection of colophony by the Storch - Mora wski 
reaction is described under " Colophony." 



19. Palembang Benzoin. 

Origin and Habitat. — Not from Styrax Benzoin, but from 
other Styracece, still unidentified, grown in farther India. 

Chemical Constituents. — Impurities, 7*5 per cent. ; no 
cinnamic acid, but benzoic acid and resin, 90—95 per cent. 
(Fr. Llidy). 

General Properties, Commercial Varieties, Adulter- 
ants, etc. — See Siam benzoin. 

Analysis : — 

Beckurts and Brliche found — 



Sp. gr. ..... . 


. M31 


Ash ....... 


. 2-38% 


Insolubility in alcohol 


. 9-00% 


Acid value, d. (S.-Z. d.). . 


97 


Ester value (E.-Z.) .... 


71 


Saponification value, hot (V.-Z. h.) . 


. 168 



From 
extract 



The last three values have therefore merely a relative 
worth. 

The author has examined natural Palembang benzoin by 
the method he applied to the Siam and Sumatra varieties, 
and obtained the following values : — 
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Acid value, ind. (S.-Z. ind.) . . . 113-40-1 30-90 

Ester value (E.-Z.) 84-0-91-0 

Saponification value, cold (V.-Z. k.) . 198-0 -219-80 

Ash 1-101-4-023% 

20. Padang Benzoin. 

Xothing is definitely known regarding the origin and 
chemical composition of this variety, except that, like Siam 
and Palembang benzoin, it is free from cinnamic acid 
(K. Dieterich). 

For the general properties, commercial varieties, adulter- 
ants, etc., see Siam benzoin. 

Analysis. — The author has examined the natural drug 
by his method, already described, and found — 

Acid value, ind. (S.-Z. ind.) . . . 121*80-124-60 

Ester value (E.-Z.) 79-80-81-20 

Saponification value, cold (V.-Z. k.) . 201-60-205-80 

Ash 1-070% 

21. Penang Benzoin. 

Origin and Habitat. — Probably obtained from Styrcix 
subdenticulata, Mic. (Styraceae). Farther India. 

Chemical Constituents. — Benzoic acid, cinnamic acid, 
and resin ester (Fr. Llidy). 

For the general properties, commercial varieties, adulter- 
ants, etc., see Siam benzoin. 

Analysis. — A. Kremel found the following values (from 
an extract) : — 

Acid value, d. (S.-Z. d.) 122-2 

Ester value (E.-Z.) . . . . . .57*9 

Saponification value, hot (V.-Z. h.) . . . 180-1 

For reasons already mentioned, these figures possess 
nothing more than a merely relative value. 
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Evans found up to 6 17 per cent, of matters insoluble in 
alcohol. 

The author subjected specimens of this variety to the 
method applied by him to other kinds of benzoin, and 
obtained the following results : — 

Acid value, ind. (S.-Z. ind.) . . . 121-80-137-20 

Ester value (E.-Z.) 87-50- 91-70 

Saponification value, cold (V.-Z. k.) . 210-00-296-80 

Ash 0-380- 0-773% 

BIBLIOGRAPHY. 

Bamberger and Gregor, Oest. Ch. Ztg., 1898, Nos. 8 and 9. — Beckurts 
and Bruche, A. d. Ph. 230, pp. 85-87. -E. Dieterich, I D. d. H. A., p. 30.— 
K. Dieterich, H. A., 1897, pp. 76-86, 87-93 ; Ph. C, 1898, No. 20.— Dunlop, 
A. d. Ph. 200, p. 205. Evans, Ph. Ztg., 1898, 65, p. 576.— Gehe & Co., Ph. C, 
1880, p. 146.— Hirschsohn, A. d. Ph. 211, p. 317.— Helbing, Ph. C, 1891, p. 298. 
—A. Kremel, N. z. P. d. A., 1889.— Mauch, I. D. Strassburg, 1898.— Mills and 
Muter, Ph. C, 1889, pp. 151 et seq.—F. LUdy, A. d. Ph. 231, pp. 43-95, 461-504, 
509, 511. — V. Schmidt and Erban, Sitzungsberieht Wiener Akademie d. 
Wissenschaften, 1886, November part.- Salfeld, Ph. C, 1880, p. 193.— Williams, 
Ph. C, 1889, p. 152.— F. Woody, A. d. Ph. 227, p. 186. 



22. Garanna Resin. 

Resina Caranna. 

Origin and Habitat. — Idea and Amyris Caranna and 
Bitrsera acuminata (Burseracea;). Antilles. 

Chemical Constituents. — Not yet closely examined, but 
at anyrate similar to elemi. 

General Properties and Commercial Varieties. — 
Dense, lustrous, brownish green, resinous masses, mostly 
wrapped in leaves ; it is easily softened, has a balsamic 
odour, and is to a large extent soluble in alcohol and ether. 
Employed to adulterate elemi {q.v,), with which it is often 
classified as an allied species. At present only rarely met 
with in commerce. 
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Protium Garanna (Burseraceae), from Brazil, also yields a 
" Balsamo de Caranna," which, like other Protium elemis 
(Amessega, etc.), is allied to true elemi. 

Antilles Caranna resin is also considered by some as 
identical with Bourbon Tacamahac, from Cal(yphyllum Taca- 
mahaca (q.v,, as also under elemi) ; and, in any case, it must 
be regarded as similar to elemi. 

Adulterants. — Vegetable impurities. 

Analysis. — The only reason for including this resin, 
which is now rarely met with (that in the market gives the 
impression of being an artificial product), is that it was and 
is used as an adulterant or surrogate of elemi. 

Hirschsohn examined eleven kinds of Caranna resin, all 
of which, except two, he found to be completely soluble in 
alcohol, ether, or a mixture of both. The author has 
examined specimens of this resin, but cannot confirm Hirsch- 
sohn's opinion that it is identical with Bourbon Tacamahac 
(q.v.). 

Examined by the usual method, Caranna resin from 

the Antilles gave the author the following values : — 

I. II. 

Acid value, d. (S.-Z. d) . . 79-37 79-37 

Ester value (E.-Z.) . . . 110-48 111-84 

Saponification value, hot (V.-Z. h.) 189-85 191-21 

According to these figures, Caranna does not seem to very 
closely resemble elemi, since the latter furnishes much lower 
values. 

BIBLIOGRAPHY. 
K. Dieterich, Ph. C, 1889, No. 30.— Hirschsohn, A. d. Ph. 211, p. 253. 

23. Colophony. 

Colophonium (officinal in German Pharmacopoeia). 

Origin and Habitat. — Various species of Finns. 
Europe. Colophony is the anhydrous residue from the 
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distillation of the turpentine obtained from different trees 
of the Finus family, especially P. Larieio, P. Pinaster, P. 
Aitstralis, P. Tceda, and many others. 

Chemical Constituents. — Chiefly abietic anhydride, with 
smaller quantities of acids allied to, isomeric, or polymeric 
with abietic acid. Also inert substances, pyrocatechuic acid, 
bitter principles, and slight traces of mineral constituents. 
No esters or their derivatives have been found, only resin 
acids, ethers, and lactones (the last-named according to 
Henriques). 

General Properties and Commercial Varieties. — The 

colophonies form pale, nearly white to dark brown-red, 
and in any case almost transparent, masses ; brittle, with a 
vitreous lustre, and furnishing a nearly white powder ; they 
soften in the hand, and are completely soluble in hot alcohol. 
The different varieties are due to difference in the mode of 
heating — short and gentle, or prolonged and intense — '-. 
employed in the preparation. 

Whereas the paler kinds are considered more valuable, 
and more suitable for pharmaceutical purposes, other con- 
sumers prefer the dark-coloured sorts ; the colour is therefore 
not a criterion of suitability, although a higher price is paid 
for the paler varieties. 

Adulterants. — Owing to the low price of colophony, the 
only impurities that come in question are merely of a 
mechanical character, the more so because colophony itself 
forms a favourite adulterant for dammar, guaiacum, dragon's- 
blood, storax, benzoin, etc. 

Analysis. — The detection of colophony and pine resin in 
pale resins can be effected by the Storch-Morawski reaction. 
The author, however, considers that it would be risky to form 
a definite opinion on the basis of this colour reaction alone, 
because various other resins, when dissolved in acetic acid, 
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also give a red coloration on the addition of sulphuric acid ; 
and because this reaction is so general and far from specific 
that it cannot lay claim to any particular value, whilst for 
dark coloured resins it is altogether unsuitable. 

Hitherto it has been the general practice to take the 
presence of esters in colophony for granted, and to determine 
the ester value, saponification value, and ether value,^ as well 
as the sp. gr., solubility, ash, and acid value; but in the 
present state of knowledge with regard to the constituents of 
colophony, the ester and saponification value, and " unsaponifi- 
able matter" determinations cannot be justified."^ The author, 
with a view to the introduction of uniformity in testing, has 
therefore proposed that only the sp. gr., ash, acid value, and 
degree of solubility should be determined. -^ 

Eecently, Henriques — working on different lines to those 
previously followed by the author — has also succeeded in 
demonstrating the absence of esters. Ha has, however, 
found ethers and lactones, which apparently justify an 
" ether value " or " constant ether value," though not the so- 
called ester values hitherto ascribed to colophony. 

The following values have been found by different 
authors : — 

A. Kremel obtained — 

Pale. Dark. American. English. 
Acid value, d. (S.-Z. d.) . 163-2 151 1 1730 169-1 

by dissolving the samples in alcohol and titrating direct with 
alkali. 

The circumstance observed by Williams that the acid 
value increased with the purity of the sample, was probably 

^ The author would propose the abbreviations, Ae.-Z. for '* ether value, and 
K. Ae.-Z. for "constant ether value," in addition to the contractions already 
mentioned in the Introduction to Part II. 

9 
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due to the kind of impurities present and the small per- 
centage of undecomposed abietic anhydride. He found — 

Water . O'l 3-0-34 per cent. 

Ash . . . 0-02-1 -20 „ 

Von Schmidt and Erban found the following degrees 

of solubility : — 

In Alcohol 
Ether 

Methyl alcohol )> complete. 
Amyl alcohol 
Benzol 

Petroleum ether — almost complete, 
Acetone \ 

Glacial acetic acid I 
Chloroform > complete. 

Carbon di-sulphide I 
Oil of turpentine v 

Acid value, d. (S.-Z. d) . . . 146*0 
Saponification value, hot (V.-Z. h.) . 167*1 "^ 
Ether value (Ae.-Z.) . . . 21-1 

E. Dieterich found — 

Acid value, d. (S.-Z. d.) . . 151*70-176*70 
Sp. gr 1*071-1*083 

the former by direct titration in the same way as Kremel. 

Beckurts and Briiche found — 

Red. White. Yellow. Brown. 

Sp.gr 1-071-1-080 1-068 1*067 1*081 

Acid value, d. (S.-Z. d.) . 173-186 180 185 181 

Ether value (Ae.-Z.) . . 0- 12 

Sapon. value, hot (V.-Z. h.) 179-193 180 185 181 

also by direct titration. The term " ether " value has been 

used in this place instead of " ester " value, the researches of 

the author and Henriques showing it more suitable. 

On the basis of his own experiments and numerous 

previously published values,^ the author would propose — 

^H. A., 1896, 1897, sub. '» Colophonium." 
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(a) Sp, gr. determination, — A series of solutions of 
common salt, ranging between sp. gr. 1*070 and 10 8 5 at 
15° C, are prepared, and in each of them are placed a few 
fragments of the colophony under examination, the aforesaid 
temperature being maintained. The sp. gr. of whichever 
solution retains the colophony in suspension will be that of 
the substance. In selecting the best pieces, care must be 
taken to reject such as exhibit cracks, air bubbles, or im- 
purities. 

The Mohr-Westphal balance can be advantageously used 
for colophony sp. gr. determinations, the usual method 
employed for beeswax ^ being pursued. 

{b) Acid value, ind. (S.-Z. ind.). — -One grm. of finely 
powdered colophony is sufifused with 25 c.c. of alcoholic | 
potash and left covered up for two hours — at anyrate 
until the whole is dissolved, — after which it is titrated back 
with I sulphuric acid. The number of c.c. of combined KHO 
multiplied by 28*08 gives the acid value (indirect). No 
water should be added upon any account, and the potency 
of the alkali should be controlled by a blank experiment, 
without colophony. 

The author finds that direct titration usually gives 
lower values than the indirect method, and aqueous alkali 
lower results than either method with alcoholic alkali. The 
above back titration gives values approximating most nearly 
to those furnished by theoretical calculation, and, in addition, 
the necessity for preparing a solution beforehand is obviated, 
the alkali serving both as a solvent and to combine with the 
acid. No water should be added, since this liquid decom- 
poses the resin soap. 

The author would set up the following srtandard of 
requirements in testing the purity of colophony in a uniform 

1 H. A., 1897, p. 362. 
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manner, it being remarked that for technical and phar- 
maceutical purposes certain other criteria are required, which, 
however, must be left to the domain of these special branches, 
being too divergent to deal with in describing a uniform 
method. For example, a very pale colophony is preferable 
for pharmaceutical purposes, whereas in certain technical 
purposes colour plays no particular part. 

" Colophony should be as light coloured as possible, and, 
when boiled with water and the extract tested with ferric 
chloride, should give only a minimum colour reaction. It should 
be almost entirely free from ash (or ponderable residue), 
and completely soluble in alcohol, ethereal oils, acetone, ether, 
chloroform, methyl alcohol, amyl alcohol, acetic ether, benzol, 
oil of turpentine, and carbon di-sulphide ; and partly soluble 
in benzine, petroleum, and petroleum ether. 

" The acid value (S.-Z. ind.) when determined by the above 
indirect method should vary between 145 and 185, and the 
sp. gr. between 1*045 and 1*085." 

The ether value, or Henrique's constant ether value 
(K. Ae.-Z.), can be determined by the " usual " hot saponifi- 
cation method (see Introduction to Pt. IL), and subtracting 
the acid value from the resulting saponification value. 

Fahrion ^ has shown the untenability of the author's 
standard of 7 per cent, as the maximum percentage of 
matters insoluble in petroleum ether, it being found that a 
few good commercial sorts of colophony exhibit a larger 
amount of insoluble residue. The oxygen-absorption of 
colophony has been dealt with by Weger, in his treatise 
already cited. 

Kitt found the carbonyl value (C.-Z.) = 0*54-0*56. 

Gregor and Bamberger obtained negative results in the 
methoxyl value (M.-Z.) test. 

^ Zeitschri/t f. angeicandte Chemie, 1898, No. 34. 
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The following acetyl values (A.-Z.) were found by the 
author : — 

rAcid value (A.-S.-Z.) . . 155-82-155-84 

Acetyl J Ester value (A.-E.-Z.) . . 92*12- 95 37 

I Saponification value (A.-V.-Z.) 251 •21-274-94 

the worth of which values was discussed in Ghem. Rev., 1898, 
Xo. 10 ; and the German Pharmacopoeia tests for colophony 
were dealt with by the author in Ph, C, 1898, No. 20. 

As already mentioned, a discussion has been carried on 
by the author, Fahrion, Schick, and Heupel,^ with regard to 
the determination of the acid, ester, ether, and saponification 
values. The author, on the basis of his researches, held 
colophony to be free from esters, and therefore incapable of 
having any ester value. 

Henriques confirmed the absence of esters by other 
means, and recommended the direct estimation of the acid 
value and the determination of a " constant ether value " 
(K. Ae.-Z.), because he succeeded in showing the presence 
of ether and lactones in colophony. These discoveries 
terminated, in some respects, the debatable colophony 
question, since all that is necessary, in the absence of 
esters, is to rechristen the ester value (advocated by Schick, 
Fahrion, and Heupel) by the name " ether value," in order 
to annul the previously existing chemical contradiction first 
exposed by the author. For this reason all the corresponding 
values have here been termed " ether values." 

BIBLIOGRAPHY. 
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24. CopaL 

Resina CopaL 

Origin and Habitat. — Certain species of Trachylobium 
and Hymencea (Ca^salpinieie) fossil, recent fossil, and recent 
resins. Africa, America, and East Indies. 

Chemical Constituents. — Zanzibar copal is the sole 
variety that has been carefully examined. It contains trachyl- 
olic acid (C54Hg503 0H(C00H)2), 80 per cent. ; isotrachylolic 
acid (C54Hg503 0H(C00H)2), 4 per cent.; a-copal resene 
{C^^B.^0^), and yS-copal resene (C25H38O4), together 6 per 
cent.; impurities, 042 per cent.; ash, 0*12 per cent.; bitter 
principle and ethereal oil, 9*46 per cent. Trachylolic acid 
and its isomer are distinguishable by their different solubility, 
behaviour with lead acetate, and melting-point (C. Stephan). 

Tschirch (Fh. Ztg., 1899, Xo. 77) has recently isolated 
new " crystalline resinolic acids " by fractional extraction. 

General Properties and Commercial Varieties. — The 
name copal is a generic term. In England, anime is 
synonymous with copal (see Anime). 

Copals vary in appearance according as they are in the 
crude, decorticated, or washed condition. They are nearly 
all more or less vitreous, transparent, yellow to red in colour, 
and with or without a faceted surface (goose skin), the latter 
being specially characteristic of Zanzibar copal. The following 
principal fossil, semi-fossil, and recent varieties have been 
identified -} — East African, West African, South American, 
East Indian, and Kaurie copal. 

^ See the treatises of Gilg, Chem. Rev.^ 1898, Nos. 8, 9 ; Zuoker, Ph. Ztg., 
1898, p. 848; Dingler's Polyt. Journ., 1897, p. 212; Bocjquillon, R6p. de 
Pharm.^ series 3 vol. ix., 1897, No. 8 ; Wiesner's Techn. verw. Bals.Sarze, 
Gummiharze, 1869, pp. 144-168. 
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These larger classes may be subdivided into — 

East African, — Zanzibar (best and hardest kind, m.p. 
over 400° C), Mozambique, Madagascar. 

West African, — Young copal, from Sierra Leone ; flint 
copal ; GTaboon, Loango, Angola, Benguela, and Congo copaL 

Benguela and Angola copal are known in commerce as 
" Ocota Cocota " and " Muccocota " gum. 

American. — Courbaril copal (from Hymencea Courharil) 
and copal from other species of Hymenaea, such as Hymenma 
admirdbilis^ stilbocarpa, etc., also known as " Anime " (s'.'^.)- 

JSa^t Indian, — Manila copal, from Vateria Indica (Dip- 
terocarpeae), also known as " white dammar " (q.v,). 

Kauri Coped, from Damara Australis (Coniferse), also 
known as " New Zealand dammar." 

White Zanzibar copal, or Zanzibar copal in balls, is sold 
in Zanzibar as "tree copal"; it is of low quality, soft, and 
recent. " Chakazzi " copal mostly comes into commerce as 
" Zanzibar copal without goose skin." 

As copal is frequently shipped to a distance for washing, 
Zanzibar copal has also been met with under the names 
" Salem " and " Bombay " copal, there being large copal- 
washing works in the United States, whilst a good deal of 
copal used to come on the market via Bombay. 

For rare types of copal, such as Inhambane and Accra 
copal, see Gilg's treatise already cited. According to the 
latest researches of this worker, both Madagascar and 
Zanzibar copal are derived from the same tree, Trachy- 
lohium verrucosum (which is identical with T. mossamhicum). 
They certainly exhibit many characteristics in common. 

According to Wiesner, copals can be marked (scratched) 
by calcspar ; some varieties — Sierra Leone, Gaboon, Angola — 
are of equal hardness with rock salt. Zanzibar and Mozam- 
bique copal are between rock salt and copper sulphate in 
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point of hardness ; whilst Benguela, Kauri, and Manila copal 
are less hard than rock salt. The scale of hardness may 
therefore be arranged as follows: — (1) Zanzibar copal, 
(2) Mozambique, (3) Sierra Leone (flint copal), (4) Gaboon, 
(5) Angola, (6) Benguela, (7) Kauri, (8) Manila, and (9) 
Courbaril copal. 

The East African copals are fossil, those from West 
Africa semi-fossil, the Kauri copals semi-fossil, the South 
American kinds recent; but nothing definite in this respect 
is known of the Indian copals. 

According to Worlee, the " hard " copals are : — Zanzibar, 
Sierra Leone, Benguela, and Angola copal ; the " soft " copals 
being — West Indian, ball Kauri, and Manila copal; whilst 
Zucker adds Accra copal to this latter class. 

The copals are distinguished in commerce according to 
colour^white, pale, or dark red ; condition — natural, half- 
shelled, or shelled ; and other peculiarities. For the dis- 
tinction between true copals and amber, or the resins from 
Coniferce and Dipterocarpece, see under " Analysis." 

Adulterants. — False, soft copals, coniferous and diptero- 
carpous resins and amber. 

Analysis. — Of the unusually large number of copals, all 
of which are valued according to the degree of hardness and 
the corresponding insolubility in alcohol, but few analytical 
details are available. The solubility and fusibility vary with 
the origin and age, the melting-points ranging from 180°— 
340° C, the hardest kinds being the most refractory. In 
alcohol the soft varieties are only partially soluble, the 
harder kinds scarcely at all. Eosemary oil and Cajeput oil 
dissolve nearly all copals, but not amber ; and nearly all are 
soluble in oil of turpentine, especially after being melted or 
distilled — even such as were previously untouched by this 
solvent — so that almost all are rendered completely soluble 
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therein, or in fatty oils, etc., a property which is of high 
technical importance. Many copals, too, when they have 
been exposed for a long time in sunlight, and have absorbed 
oxygen, become soluble, or at least more soluble than before. 
According to Andres, the copals are soluble in strong 
(anhydrous) alcohol, provided they have previously been left 
to swell up in ether ; and mixtures of absolute alcohol and 
oil of turpentine are said to form a good solvent for soft 
copals. Andres recommends a mixture of carbon di-sulphide, 
oil of turpentine, and benzol (equal parts) as the best solvent 
for unmelted, undis tilled copal. To convert the copals into 
a soluble form, the usual practice is to heat them to 200°- 
220° C. for several days, or else distil them, dry (until 
twenty-five per cent, of copal oil, which is afterwards used 
as a solvent, has passed over) — the temperature employed 
being 380°— 400° C. The copal is then soluble in oil of 
turpentine, the degree of solubility varying with the amount 
of copal oil distilled over. 

The following table compiled by Violette shows the 
results furnished by 100 grms. of copal: — 



Loss of Weight on 


Amount of Oil 


Behaviour of the Distilled Copal 


DistUlation. 


Collected. 


in Presence of Oil of Turpentine. 


Grms. 


Grms. 




3-0 


3-0 


Insoluble. 


9-0 


8-5 


Do. 


10-5 


10-2 


Do. 


160 


15-7 


Do. 


20-0 


190 


Somewhat soluble. 


220 


21-3 


More readily soluble. 


25-0 


24-5 


Very readily soluble. 


28-0 


27-1 


Do. do. 


300 


29-0 


Do. do. 


32 


31-0 


Do. do. 
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In practice only about 10-12 per cent, is generally 
distilled off. 

Both copal oil and amber oil are employed for dissolving 
soft grades of copal. 

What the copals and ambers gain in solubility by dis- 
tillation they lose in point of colour (paleness). It may also be 
mentioned that the copals are used for the preparation of lacquer 
varnishes (solutions of melted copal in linseed oil varnish) and 
ordinary lacquers (resin solutions without varnish). 

The sp. gr. is given by Meichel and Stingel as 1*062- 
1*149, and by Brisson as l-045-l'390. Tables have been 
drawn up for the differentiation of hard and soft copals, but 
though the data — like those given by older authors (Dierbach, 
Perrolet, Hanbury, Daniell, Gisecke, Lindemann, Wachsmuth, 
Jonas, Constantini, Bottger, Heeren, and others) — contribute 
to some extent to the characterisation of the copals, they 
are not as a rule directly useful, being in many cases 
contradictory. 

Williams determined the moisture in a number of 
specimens as 0*57-2-41 per cent., and the ash 0*27-2-06 
per cent., with the following other values by the usual 
method : — 





Acid Value, 


Ester 


Sapon. 


Copal. 


direct 


Value 


Value, hot 




(R.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


Manila 


. 136-0 


52-5 


188-5 


Borneo . 


. 144-0 


35-3 


179-3 


Singapore 


. 128-8 


65-3 


194-1 


Sierra Leone . 


. 84-0 


45-0 


129-0 


Ked Sierra Leone 


. 72-8 


65-7 


138-5 


Red Accra 


46-2 


85-4 


131-6 


White Angola . 


57-4 


75-6 


1330 


Red Angola 


60-2 


76-0 


136-2 



As the true copals, such as Zanzibar copal, have been 
found to contain no esters, the above ester and saponification 
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values must be accepted with some reserve, the more so 
because the dipterocarpous resins (such as Manila copal from 
Valeria Indica) may also be free from esters, like the 
dammars. ^ 

According to Hirschsohn, petroleum ether will take up 
only 6*5 per cent, of good African copal. Alcohol dissolves 
only 25 per cent, of the best copals; and the solubility in 
chloroform varies inversely with the hardness, 42 per cent, 
of best East Indian copal, 52 per cent, of African, and 46 per 
cent, of Angola copal being dissolved, whilst Kauri and 
Brazilian sorts are completely soluble. 



[ Table. 
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Von Schmidt and Erban give the following values for 
copals : — 





Acid Value, 


Ester 


Sapon. 


Copal. 


direct 


Value 


Value, hot 




(S.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


Melted white Angola 


. 95-5 


24-8 


120-3 


Melted red Angola . 


. 30-2 


80-0 


110-2 


Unmelted red Angola 






147-3 


Unmelted white Angola 






131-0 


Unmelted Zanzibar . 






91-0 


Melted Zanzibar 






35-7 



which, however, do not well agree with those found by 
Williams. 

Special mention should be made of Friedburg's studies 
on copal resins. He states that hard copal is insoluble in 
alcohol, ether, and oil of turpentine, though it dissolves in 
the two latter after having been heated. When heated no 
higher than 182° C. the copal escapes decomposition, and 
forms, on cooling, a highly lustrous, vitreous, translucent 
resin, readily soluble in cold or warm oil of turpentine. 
Copal is soluble in aniline and its homologues, as also in 
nitrobenzol and chloroform ; phenol and cymol likewise form 
good solvents for copal. Benzaldehyde dissolves copal com- 
pletely at first, but soon the mass thickens (owing to the 
condensation of resin acids, etc., with aldehydes ?). Glacial 
acetic acid partly dissolves copal ; and carbon di-sulphide is 
taken up in large amount, forming a colloid which becomes 
brittle on drying. According to Friedburg there are three 
classes of copals — soft, semi-hard, and hard. With regard to 
the solubility of copal in chloral hydrate (see below) mention 
is deserved by Fleming's patented discovery of the solubility 
of copal in epi- and di-chlorhydrin. Valenta recommends 
such solutions of copal or other resins as a pellicle for 
supporting the emulsion on photographic negatives. 



; 
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For distinguishing true copals from coniferous and dip- 
terocarpous resins, Mauch recommends the chloral hydrate 
test — true copal being insoluble in an 80 per cent, solution 
of this reagent, whilst dammar, colophony. Kauri and Manila 
copal are either partially or completely soluble therein. 
Zucker proposes the following test for distinguishing hard 
copals from the soft varieties : — The sample is suffused with 
boiling water, and left to stand for half an hour. Hard 
copal remains unaltered, but the soft kinds become milky 
and opaque. 

With reference to the foregoing analytical data, it may 
be mentioned that the saponification values have also been 
determined, as well as the acid values, but are of merely 
relative worth, since we now know that the copals, both the 
true kinds and those resembling dammar, consist of only 
neutral bodies and resin acids, and are free from esters. 
These conditions have already been referred to by Kremel, 
who also gives for copal (which he calls dammar) from 
Vateria Indica the acid value (S.-Z. d.) 15*4, while for the 
other copals he gives 127-147. The author recently 
examined Zanzibar copal, and found that direct titration 
gives unduly low results ; that an addition of water decom- 
poses the resin soap ; that existing values are unreliable ; and 
that back titration is the best method of determining the 
acid value in copal. Already, in the case of dammar, san- 
darach, etc., he found that titration in an alcoholic liquid gave 
unreliable and irregular acid values, owing to the fact that 
the resinolic acids are not so easily or rapidly neutralised by 
the alkali, and, consequently, they are best treated by his 
back titration method. With Zanzibar copal similar con- 
ditions obtain, the titration going on too slowly to yield 
reliable values when the copal is dissolved in ether-alcohol, 
as practised by Kremel. By the direct method, he found 
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the acid value 15—20, whilst Kremel, working in the same 
manner, gives 130—150, which must either be a printer's 
error for 13—15, or an error due to some defect in the 
titration ; and, in fact, the author's experiments on this point 
indicate the use of water as the source of the discrepancy. 
Kremel added water to dissolve the salts during titration, an 
erroneous procedure, since it causes the decomposition of the 
resin soap. If the titration be completed without water, 
and then some of that liquid added, the red coloration at 
once vanishes, a sign that the water has decomposed the 
resin soap and that secondary reactions have occurred. 

In the same manner, an addition of water at the end of 
the back titration process will eliminate the red coloration, 
thus indicating the liberation of alkali. The difiference in 
the consumption of alkali when working with and without 
water may amount to as much as 2 cc, which probably 
explains the excessively high values given by Kremel; in 
fact, the deficit, due to insufficient combination with the resin 
acids, in the direct titration method employed by Kremel 
was converted into an excess by the secondary reactions 
ensuing on the addition of water. 

The author proceeds on the following lines : — 
Acid value, indirect (S.-Z. ind.). — One grm. of finely pul- 
verised Zanzibar copal is placed in a glass-stoppered flask 
arid suffused with 25 cc. of benzine, 25 cc. of ether, and 
20 cc of alcoholic | potash. The closed flask is left at room 
temperature for twenty-four hours, and the contents are then 
titrated back with 2 sulphuric acid and phenolpthalein, with- 
out any addition of water. 

The resulting acid value is, in the case of Zanzibar copal, 
between 60 and 65. 

Intermediate members between the copals and the 
dammars and Kauri copal, as well as adulterations with 
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amber, may be detected by the aforesaid relative solubilities 
and behaviour with chloral hydrate, as also by their behaviour 
towards Cajeput oil, and their abnormal acid values (S.-Z. 
ind.). Moreover, amber gives ester and saponification values, 
copal only the indirect acid value (see also Amber, and 
KremeFs paper on Copal and Amber, in iV. z. P. d. -4., 1889). 
The acetyl, carbonyl, and methoxyl values of Zanzibar 
copal have also been determined of late, the author finding — 

Acetyl. 



Saponification 
Zanzibar Copal. Acid Value Ester Value Value 

(A.-S.-Z.). (A.-E.-Z.). (A.-V.-Z.). 

Soluble portion 77-71 125-58 203-29 

Insoluble portion 210-10-22M4 84-80-11M7 305-94-331-27 

Kitt found, for East Indian copal, the carbonyl value 
(C.-Z.) 0*61; and Gregor and Bamberger both obtained 
negative results with the methoxyl test (M.-Z.). (For the 
worth of these values, see Chem. Eev., 1898, p. 10.) 

The so-called " ester resins " serving as competitors of, 
and substitutes for, copal have been described by Zucker 
(Fh. Ztg., 1898, p. 848). 
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25. Dammar. 

Resina Dammar (officinal in German Pharmacopoeia III.). 

Origin and Habitat. — Certain species of Dammara. and 
Hopea (Burseracese and Dipterocarpese). Southern India. 

Chemical Constituents. — Dammarolic acid (C54H77O8 
(COOHX)), 23 per cent.; a-dammar resene (CnHiyO), 40 per 
cent, soluble in alcohol; ^-dammar resene (C31H52O), 22*5 per 
cent, insoluble in alcohol, soluble in chloroform ; ethereal oil 
and bitter principle, 5 per cent. ; moisture, 2o per cent. ; 
ash, 3*5 percent; impurities, 8 per cent. (Glimmann). 

With regard to the " crystalline reeinolic acids " recently 
isolated by Tschirch by fractional extraction, see Ph. Ztg., 
1899, No. 77. 

General Properties and Commercial Varieties. — East 
Indian Sumatra dammar is in the form of stalactitic granules 
and lumps, yellowish, transparent, coated with dust, of vitreous 
conchoid fracture, and harder than colophony. When chewed, 
dammar breaks down to a white powder, and- it melts at 
180° C. It is completely soluble in petroleum ether or 
chloroform, but only partially so in alcohol or ether. The 
intermediate resins between dammar and copal, such as 
Australian (or New Zealand) dammar = Kauri copal, are readily 
distinguishable (see below). 

Among the dammars are grouped also — Saul resin, from 

Shorea robusta (Dipterocar pese, Sumatra and Java) ; Dammar Kata 

Kutsching (Singapore), from Hopea micrantha splendida ; and 

Dagieng, or Eose, dammar (Borneo and Malacca), from Eetino- 

dendron Bassak ; Selo-dammar (Singapore), from Ariocarpus 

integrifolia', and "black dammar," of unknown origin {Canarium 

strictum, East Indies, and C. rostratum, Molucca Islands [?] ). 

All these are rarely met with in European markets. Manila 

copal (q.v.\ from Vateria Indica, is also called " white dammar." 
10 
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The origin of the dammars has been dealt with by 
^r?? C. Miiller in a valuable pauper (Ber, d, Devisch, pharm. 
''^'^Ges,, 1891, p. 365). 

Adulterants. — Colophony, Australian dammar (Kauri 
copal). 

Analysis. — As is well known, the generic term " dammar " 
includes a number of resins from trees of the families 
Dipterocarpese, Burseracese, and Coniferae, as well as transitions 
into the copal group (such as Australian dammar, or Kauri). 

For distinguishing copals from dammars, and the latter 

again from conifer resins — which also, to some extent, 

figure as "dammar" in commerce, — the Mauch chloral 

hydrate test may be recommended. True copals (q.v,) do 

not dissolve at all in 80 per cent, choral hydrate solution, 

whereas true dammars, from Bipterocarpece, on the other 

hand, cede certain quantities to this solvent, the reaction 

being accompanied by a characteristic increase in volume; 

and conifer resins — like Kauri copal = West Indian dammar — 

are completely soluble. The solubility of the resins in epi- 

and di-chlorhydrin (Valenta) has already been referred to in 

Part I. ; and mention may here be made of Hirschsohn's 

researches on twenty-three varieties, with the following 

results: — . 

Solubility m — 



_^^ 



Dammar Petroleum Ether. 85 per cent. Alcohol. 

per cent. per cent. 

88-03 87-97 

83-42 83-90 

77-18 77-60 

84-09 84-89 

73-13 57-65 

75-46 57-77 

83-81 — 

54-12 53-98 

30-20 29-99 



East Indian 
American 
Dammar in massis 
East Indian 
D. viridis 

Do. 
D. nigra 
D. marmorata . 

Do. 
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The soluble constituents were dried at 120° C. 

In utilising dammar for varnish-making, the resin is 
melted, like copal and amber, by which means it becomes 
soluble. A mixture of alcohol and oil of turpentine forms 
a good solvent. Weger (Z.c.) has dealt with the absorption 
of oxygen by dammar when exposed to the air in thin 
layers. 

Attention was bestowed on the examination of dammar 
by Brandes, Thomson, Dalk, Labillardiese, Giesecke, Miiller, 
Mausel, and others; and subsequent communications were 
made by Mills and Muter, von Schmidt, Erban, Kremel, 
Schweissinger, Williams, E. Dieterich, K. Dieterich, Gregor, 
Bamberger, and Mauch. (For the detection of colophony in 
dammar, by the Storch-Morawski reaction, see Colophony.) 

Williams found — 



Ash ... 

Moisture 

Acid value, d. (S.-Z. d.). 



0*01- 0-07 per cent. 
0-33- 0-85 
21 •00-26-00 



>> 



the last-named by the usual method. As dammar contains 
no ester, the saponification value found by this worker has 
only relative worth. 

Von Schmidt and Erban found the following degrees of 
solubility in — 



Alcohol . . . . 


partial. 


Ether . . . . 


>> 


Methyl alcohol . 


j> 


Benzol 


complete. 


Petroleum ether 


almost complete 


Acetone . 


partial. 


Glacial acetic acid 


n 


Chloroform 


complete. 


Carbon di-sulphide . 


>> 


Oil of turpentine 


n 



Acid value, direct (S.-Z 



d.), by usual method = 31*8. 
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E. Dieterich found 0*85 per cent of moisture. 
A. Kremel rightly confined himself to the direct acid 
value, in working with the usual method, and found — 

Acid value, d. (S.-Z. d.). 
Dammar . . 31*0 

Do. .... 34-3 

Do. (orient.) . . . 34*2 

For " white dammar," which is identical with Manila 
copal {q/o.) from Valeria Indica, the same worker obtained 
the acid value, d. = 15*4. 

According to Glimmann, dammar is completely soluble 
in benzol, chloroform, and carbon di-sulphide ; and partially 
so in alcohol, toluol, acetone, aniline, petroleum ether, and 
acetic acid. 

The researches of Graf, Tschirch, and Glimmann having 
shown that dammar is free from esters, the hot saponifica- 
tion and ester values determined by nearly all the above- 
named workers — except K. Dieterich — have to be dis- 
carded. E. Dieterich very rightly concluded that, in view 
of the great fluctuations recorded in the ester value, it had 
better be left out of consideration. 

The author has also shown that direct titration often 
gives unduly low acid values for dammar, because the resin 
acid — especially in presence of the neutral constituents, and 
owing to the low acidity of dammarolic acid — does not 
always combine quantitatively. Hence, in the author's 
view, the values from direct titration are inferior to those 
furnished by the indirect method. He works on the 
following lines by indirect titration, which offers the 
additional advantage of dispensing with a preliminary 
process of solution : — 

(a) Acid value, ind. (S.-Z. ind.). — One grm. of 
dammar is suffused with 50 c.c. of benzine (sp. gr. 
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0700), followed by 20 c.c. of alcoholic ^ potash, the 
whole being then left for twenty-four hours, and after- 
wards titrated back with ^ sulphuric acid and phenol- 
phthalein, without any addition of water. The acid value 
(indirect) is the product of the consumed volume (c.c.) of 
KHO multiplied by 28-08. 

(h) Ash determination. — Two grms. of the drug are 
carefully incinerated and calcined until constant, the weigh- 
ings being made after cooling down in a desiccator. 

Formerly, the author employed alcoholic and aqueous 
alkali for the acid-value test, but found that the alcoholic 
solution alone is quite suflBcient; and indeed, in the case 
of samples of dammar adulterated with colophony, it is 
particularly advisable to dispense with aqueous alkali, since 
the presence of water would lead to the decomposition of 
the colophony resin soap and furnish unreliable values. 
Consequently it is best to work with alcoholic alkali alone. 
The extreme limits of acid value obtained by the author 
with this method are 20—30 : and the maximum permissible 
ash content is 0*1 per cent. 

Dammar is often adulterated with colophony, for the 
detection of which Schweissinger recommended KremeVs 
acid value (direct) test. More recently the author has 
detected such adulteration by the abnormally high acid 
values (indirect) obtained by his own method, described 
above ; and has also shown that commercial dammar 
powder is impure and gives abnormally high acid values. 
Thus, dammar with .25 per cent, of colophony gave the 
acid value (indirect) 56-33-58*00, and with 50 per cent. 
96*49— 97*68, these results confirming the suitability of the 
method for this purpose. The Hirschsohn test, which 
furnished good results in the hands of E. Dieterich, can 
also be recommended as a qualitative method for detecting 
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colophony in dammar. The sample is suflFused with 

ammonia, and the liquid after filtration is supersaturated 

with acetic acid, whereupon, in the absence of colophony, 

the filtrate remains clear; but when colophony is present 

a precipitate is formed, the colophony being soluble in 

ammonia but thrown down in presence of acid. If the 

proportion of colophony be large, the entire acid liquid 

will become gelatinous. 

For black dammar (probably from Canarium rostratum) 

and dammar from C. strictumy the following values have 

been obtained : — 

Acid Value, ind. 
(S.-Z. ind.). 
Black dammar ..... 49 •14-53 '53 
Dammar from G. strictum . . . 7 3 '01 -7 4 '41 

The author has recently found the acetyl values for 
dammar to be as follows : — 

Acetyl acid value (A.-S.-Z.) . . . 50-52- 51-80 
Do. ester value (A.-E.-Z.) . . . 81-56- 83-06 
Do. saponification value (A.-Y.-Z.) . 132-08-134-86 

Gregor and Bamberger obtained only negative results 
with the methoxyl value (M.-Z.) test. 

(For the worth of these values, and of the German 
Pharmacopoeia tests, see references already cited under 
Colophony.) 
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26. Dragon's-Blood. 

Resina Draconis. 

Origin and Habitat. — I. Palm dragon's-blood, from 
Dcemonorops Draco, Bl. (Palmae) ; 11. Socotra dragon's-blood, 
from Braco&na Cinndbari (Dracsenae). South-eastern Asia, 
Socotra, West Indies, America. 

Chemical Constituents. — I. Palm dragon's-blood. Draco- 
alban (C20H40O4), 2*5 per cent. ; Dracoresene {G^^^fi^, 13*58 
per cent. ; benzoic dracoresinotannol ester (CgHgCOOCgHgO) ; 
and benzoylacetic dracoresinotannol ester (CgHgCOCHg- 
COOCgHgO) — forming together a pure red resin, or phenyl- 
^-monoxyacrylic dracoresinotannol ester (?) — 56*86 per cent. ; 
resin insoluble in ether, 033 per cent.; phlobaphene, 0*03 
per cent.; vegetable residue, 18*40 per cent.; ash, 8*3 per 
cent. (K. Dieterich.) 

II. Socotra dragon's-blood. — Pure resin (C18H18O4) — the 
author has recently found this to be a mixture of several 
resins, and not a definite chemical entity, — 8 3 3 5 per cent.; 
gum, 0*7 per cent. ; matter soluble in carbon di-sulphide, 
0*48 per cent.; vegetable residue, 12 per cent.; mineral 
matter, 3*5 per cent. (Lojander.) 

The following varieties contain benzoic acid, but no 
cinnamic acid: — Socotra, so-called "vera"; dragon's-blood, 
from Draccena Omhet Kotschy ; Socotra dragon's-blood, '* sicut 
dicta," from Dracmna CMzantha, B.; and Palm dragon's-blood, 
from Banejrmasin (Borneo). The last-named contains draco- 
alban, whereas the others are deficient in this substance. (K. 
Dieterich.) 

General Properties and Commercial Varieties. — Palm 
dragon's-blood (Sumatra) in bast is in the form of sticks, 
about eight inches long, and one-half to one inch thick, 
wrapped in Ligula leaves. Outside, it appears brown, but 
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shows a red, lustrous fracture, and gives a light, red powder. 
On paper it leaves a red mark, and it is almost entirely 
soluble in alcohol and ether. The grade " in massa " is poor, 
and generally adulterated. Palm dragon's-blood alone answers 
to the author's " draco-alban " test, and is thus distinguishable 
from the Dracsenae varieties. 

Socotra dragon's-blood occurs as irregular lumps of con- 
choid appearance, somewhat pitted, and of dark brownish red, 
lustrous colour. The fracture is pale, lustrous red, and the 
powder also light red. The substance is only partially soluble 
in alcohol and ether, and contains no draco-alban. 

American (Mexican) and West Indian dragon's-blood, 
from Fterocarpus (Croton) Draco ; dragon's - blood, from 
Venezuela and Columbia, and a few similar resins, are more 
nearly allied to Kino (q.v.) than to dragon's-blood, or are 
entirely obsolete. At present, Sumatra palm dragon's-blood 
is the only kind in commerce. 

Adulterants. — Ferric oxide, bole, artificial products made 
of resin, sandal-wood, gum, and colophony. 

Analysis. — The commercial varieties of dragon's-blood 
are fewer than formerly, Sumatra palm dragon's-blood "in 
bast " and " in mass " being the principal kind. The technical 
application of this resin — for varnish in particular — is also 
very restricted. Analytical data are still very scanty, though 
adulterations with conifer resins and ferric oxide have been 
reported by several workers, — Bretet citing an artificial product 
made of resin and powdered sandal-wood. Hirschsohn states 
that adulterated specimens are more soluble in petroleum 
ether than the pure drug. 

Hilger and Wittstein report on adulterated products 
which can be distinguished at the first glance. Von 
Schmidt and Erban, and E. Dieterich, made iodine value 
determinations, which, however, were so irregular in their 
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results as not to be worth mention. (For the detection 
of colophony by the Storch-Morawski reaction, see Colophony.) 
Von Schmidt and Erban also found that dragon's-blood 
is only partially soluble in alcohol, ether, methyl alcohol, 
amyl alcohol, benzol, petroleum ether, acetone, glacial acetic 
acid, chloroform, carbon di-sulphide, and oil of turpentine ; 
and the following degrees of solubility were determined 
by the author, for Sumatra dragon's-blood : — 

Alcohol ) J., 1 , 1 

^ , > readily soluDle. 

Ether J ^ 

Benzol 

Chloroform 

Acetic ether 

Petroleum ether 

(f Carbon di-sulphide^ 



partially soluble. 



Von Schmidt and Erban characterised the solubility in 
ether and alcohol as partial, merely because the vegetable 
residue necessarily remained undissolved. 

(On the solubility of dragon's-blood in epi- and di-chlor- 
hydrin (Valenta), see table in Part I.) 

The table drawn up by Hirschsohn for differentiating 
the various kinds of dragon's-blood is now no longer applic- 
able. Williams found 9*34 per cent, of water, and 3*58 
per cent, of ash, and also determined the acid and ester 
values. As, however, dragon's-blood contains no free 
acids, the acid values obtained are of merely relative worth. 
The same worker obtained the (hot) saponification value 
(V.-Z. h.), 153*4, by the usual method. 

Gregor and Bamberger determined the methoxyl value 

(M.-Z.) to be— 

I. II. III. 

27-6 25-3 33-8 

Kitt obtained the carbonyl value (C.-Z), 0*92. 
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The following acetyl acid values (A.-S.-Z.) were found by 
the author: — Palm dragon's-blood, 13907-139-79 ; but the 
corresponding ester and saponification values could not be 
determined, owing to the dark colour of the solution. (For the 
worth of these determinations, see Chem, i?er., 1898, No. 10.) 

The author examined a number of varieties of dragon's- 
blood by his own fractional saponification method. The 
following procedure being adopted for determining the 
resin value (H.-Z.) and gum saponification value (G.-V.-Z.) : — 

(a) Rcdn value (H.-Z.). — One grm. of dragon's-blood 
is suffused with 50 e.c. of ether and 25 c.a of alcoholic \ 
potash, and left in a closed, glass-stoppered flask for twenty-four 
hours, the contents being then mixed with 250 cc. of water 
and 100 c.c. of alcohol, and titrated back with ° sulphuric 
acid and phenolphthalein. The resin value is the product of 
the volume (c.c.) of KHO consumed, multiplied by 28^08. 

if)) Gum saponification ra/Mf (G.-V.-Z.). — Onegrm. of dragon's- 
blood is suffused with 50 c.c. of ether and 25 cc, of alcoholic \ 
potash, and left for twenty-four hours in a closed flask, at the 
end of which time it receives an addition of 25 c.c of aqueous 
\ potash, and, after standing twenty-four hours longer, is 
titrated back with \ sulphuric acid, in presence of phenolphtha- 
lein as indicator, — 250 e.c. of water and 100 c.c. of alcohol 
having been previously added. The volume (c.c.) of KHO con- 
sumed, multiplied by 28 08, gives the gum saponification value. 

(c) Draco-alhan test. — Ten grms. of powdered dragon's- 
blood are extracted with 50 c.c. of hot ether, the resulting 
solution being then concentrated to about 30 c.c. and poured 
into 50 c.c. of absolute alcohol. After leaving to settle for 
an hour, a white tiocculent precipitate will be observed. 
(Characteristic for palm dragon's-blood alone ! ) 

The extreme limits of the above values determined by 
the author are as follows : — 
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Palm dragon's- 
blood. 



Socotra 
dragon's-blood. 



A Eesin value (H.-Z.) . 79-80-119-00' 
Gum saponification value 

(G.-V.-Z.) . . 86 -80-1 73 -20 
Draco-alban test — positive. 

^. Eesin value (H.-Z.) . 81-20- 8 7*40 >| 
Gum saponification value 

(G.-V.-Z.) . . 92-40- 95-40 
Draco-alban test — negative. 

He finds the draco-alban test to be characteristic of Palm 
dragon's-blood alone, and not for the varieties obtained from 
Draccence, 

An addition of colophony — which seems to be a regular 
thing in the grades sold " in mass " — can be detected by the 
abnormally high resin value and gum saponification value ; 
and in such event Palm dragon's-blood answers very slowly 
to the draco-alban test. 

According to Mauch, both Palm dragon's-blood and that 
from Liliaceoe are soluble in 80 per cent, chloral hydrate 
solution. 
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27. Elemi. 

Besena Elema. 

Origin. — Various Burseraceae, such as Idea Icicariba, 
Amyris Plumieri, and certain species of Canariurriy like G. 
commune. According to Tschirch, Manila elemi is certainly 
derived from C. commune. The name elemi is generically 
applied to a large number of resins. 
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Habitat. — ^The Philippines, Central and South America, 
East and West Indies, Africa. 

Chemical Constituents. — Manila elemi, or, as it is 
mostly termed in commerce, " soft elemi," is the only kind 
that has been closely examined. It contains — crystalline 
resin = amyrin (C15H42O), 25 per cent. ; ethereal oil (dextro- 
phellandrene, CioHi^j, and dipentene, CiqHii), 10 per cent.; 
amorphous resin, 60-70 per cent. ; small quantities of elemic 
acid (G^^Il^fi^), bryoidin (CgoHggOa), and bitter principle 
(Fluckiger). Amyrin, again, consists of two substances, 
with the formula C3oH4C)OH — a- and ^-amyrin, — which 
are isomeric, and can be separated as acetyl derivatives 
(Vesterberg). 

General Properties and Commercial Varieties. — When 
fresh, elemi is a clear and light-coloured solution of resins 
in ethereal oil, with a portion of the resin crystallised out. 
Manila, or " soft," elemi is sometimes a viscid mass, rendered 
turbid by a crystalline deposit ; at others, a soft, semi- 
crystalline, yellow resin, which may be quite hard, and is 
then sold as " hard " elemi, its value being inferior to that 
of the soft variety. The smell of the fresh substance recalls 
lemons, fennel, mace, or good oil of turpentine. 

American, or West Indian, Yucatan elemi generally 
forms "hard" commercial elemi. Formerly "soft" Yucatan 
elemi was to be had, but this is rarely the case now.^ 
Mexican, or Vera Cruz, elemi comes from Amyris elemifera, 
and is closely allied to Caranna resin {q,v.), from Amyris 
Caranna, Gxxtci copal (or gum opal), from Dacryodis 
hexandra (a tree known in St. Lucia as "gomier k canots," 
on account of its resin being used for boats), is also a kind 

^ As a rule, ** soft elemi " is now understood to mean Manila elemi, and " hard 
elemi " that from Yucatan. This, though incorrect, is explainable by the fact 
that commercial Manila elemi is now generally soft, whilst Yucatan is nearly 
always hard. 
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of elemi; and Cayenne incense, from Idea he'ptaphylla, is 
placed in the same class. 

Brazilian Kio-elemi is a mixture of resins from species 
of Protium ; and, according to Peckolt, one of the protium 
elemis is known in Brazil as " Almessega," and is probably 
derived from Protium heptaphyllum, M., var. Prasiliense, 
Engl. 

In addition to the last-named resiniferous tree, P, h., 
var. venenosum and P. Brasiliense, Engl., are also found in 
Brazil. Certain varieties similar to elemi are also known by 
the names — Eesina tacamahaca, kikekunemalo, Eesina caranna, 
Resina anime, the reason of this being that "elemi" is a 
generic term. East Indian elemi is said to come from 
Canarium z&phyrinum (Moluccas). 

African elemi (packed in bast like dragon's-blood) is 
derived from Boswellia Freriana, and is known as " Luban 
Matti "; it comes from Somaliland, vid Cape Gardafui, and 
was formerly considered as a kind of incense {q^v.). Gomart 
gum from Bur sera gummifera is a species of elemi, and has 
been recommended as a substitute for mastic {q.v,) ; this 
same gum is also classed along with incense {q,v,), the 
parent tree — also called " gommier " — being ranked with the 
so-called West Indian " incense trees." It should, however, 
be more properly relegated to the elemi group, in the same 
way as Occum^ resin from West African (Gaboon) Burseracece, 
Numerous species of Icica furnish other varieties of elemi, 
now no longer met with in commerce. Eesina Hedwigia^ ^ 
(Hedwigice halsamifera, Burseraceae) and Eesina Hyowae are also 
counted as elemis, the second in particular being nearly allied 
to Caranna resin (see Fltickiger's Pharmacognosies p. 88). 
Other intermediate members between elemi and the incense 

^ The balsam from H, balsamifera^ the *'baume k cochon" (hog balm), acts 
like copaiba (q.v.); its resin is the said Res. Hedwigiee, and is classed by Hirsch- 
sohn as allied to elemi. (See Table on next page). 
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group are not by any means rare (see under Incense, Caranna, 
Tacamahac, and Anime). 

Apart from Manila and Yucatan elemi, all the known 
varieties are met with in the " hard " form exclusively. 

The author has drawn up the following table of elemis, 
which, however, does not exhaust the list, though containing 
all the most important resins. (Tschirch groups the elemis 
with the resene resins — see Classification of Resins.) 

I. True Elemis — 



Soft and 
hard. 



" Hard " ^ 
only. 



'Manila elemi ; from Canartum commune ; generally met 
with in commerce in the " soft " state, but also some- 
times as " hard." 
American or West Indian, Yucatan elemi ; probably from 
AmyrU Plumieri; usually "hard," formerly also met 
with in the " soft " form. 

'Mexican, or Vera Cruz elemi; probably, from Amaryis 

elemifera, 
Rio elemi ; probably a mixture of different Protium 

elemis. 
Brazihan Almessega elemi ; probably from Protium hepta- 

phyllwn, M., var. Brasiliense, Engl. 
African elemi (Luban Matti) ; probably from Bosioellia 

Freriana. 
^East Indian elemi, probably from Canartum zephyrinum, 

II. Varieties similar to Elemi — 

{a) Those resembling elemi in odour, and most nearly 
allied thereto — 

'East Indian Tacamahac ; probably from Galophyllum 

Inophyllum. 
Bourbon Tacamahac; probably from Calophyllum Taca- 

mahaca. 
Resina anime ^ from the East and West Indies; also 

derived from Burseracece. 

^ For Anime, see also under Copal. Here, of course, the Bursera resin of 
elemi character is meant and not Courbaril, and the other soft copals usually 



" Hard " 
only. 
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(b) Those with an odour resembling incense, and more 
nearly allied to the latter. 

Cayenne incense ; probably from Idea heptaphylla, etc. 
Gommart gum (also characterised as similar to mastic) ; 

from Bursera gummif&ra. 
Occum^ resin; from a West African (Gaboon river) J5wr5em. 
West India Tacamahac ; probably from Idea heptaphylla, 

etc. 



" Hard " 
only. 



III. Varieties less closely approaching True Elemi in 

Odour and Appearance — 



"Hard" 
only. 



'Resina Caranna; probably from Idea earanna. 

Resina Kikekunemalo ) . .,, , -^ 

T3 . TT r from still unknown Barseraceoe, 

Resina Uyowae ) 

Resina Hedwigise; from Hedwigia halsamifefi^a. (See 

footnote, p. 157.) 

Gum copal ; from Dacryodis hexandra. 



According to their colour, the author ranks Manila and 
Yucatan elemi among the white varieties ; Resina anime 
and Vera Cruz elemi to the yellow to yellowish red kinds; 
whilst the African elemis, Protium elemis, and Tacamahacs, 
he groups with the grey to greyish black sorts with white- 
speckled surface of fracture. The more remote members — 
Res. caranna, Res. kikekunemalo, Res. Hyowse, and ^ Res. 
Hedwigise, etc., are dark coloured to black. 

The author has further observed that Resina Hyowse 
is nearly allied to Caranna resin, and the latter to Vera 
Cruz elemi. Again, whilst West Indian Tacamahac is 
decidedly allied — already in the aroma — to incense, 
Bourbon and East Indian Tacamahac more resemble elemi. 

Owing to the uncertainty of their origin, it is hardly 

termed "anime" in England. The identification of anime resin with Courbaril 
copal and the statement — frequently put forward in text-books — that Hymencea 
Courbaril is the parent tree of anime resin is, of course, inaccurate. 
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possible to lay down any hard and fast limitation for the 
elemis, the more so because one and the same sort derived 
from the same kind of tree very often bears different names, 
according to where it has been gathered. So, for example, 
certain kinds of Tacamahac resin and cayenne incense are 
derived from Idea heptaphylla, notwithstanding their diflferent 
names. Such a confusion of nomenclature cannot, of course, 
be cleared up except by a thorough study of the parent trees 
in situ — if this be at all possible, Although the foregoing 
list does not exhaust the elemi series — other intermediates to 
the incense species and other resins being known — the 
remainder are, however, too remote to deserve inclusion here. 
With regard to the identification of Bourbon Tacamahac with 
Caranna resin, and of West Indian anime with Tacamahac, 
see the summary of analytical data, and also under Caranna 
resin and Tacamahac. 

Adulterants. — Other kinds of elemi. 

Analysis. — The commercial varieties of elemi include not 
merely soft and hard true elemi, but also analogous resins 
(see above). As a rule, the only difference between the soft 
and hard kinds is in their content of ethereal oil, which 
latter imparts a balsamic consistency to the " soft " kinds. 
Both varieties are largely used in varnish-making, to temper 
the consistency of the product, Hirschsohn proposed certain 
general colour reactions, which, however, were opposed by 
Buri as unreliable. The former worker also determined 
the solubility of a number of kinds in petroleum ether, 
and found it range from 30 to 90 per cent, (matter dried at 
120° C). 

Von Schmidt and Erban found — 

Acid value, d. (S.-Z. d.) . . . . . 22*1 

Ester value (E.-Z.) 2*4 

Saponification value, hot (V.-Z. h.) . . . 24*5 
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Solubility in — 

Alcohol complete. 

Ether 

Methyl alcohol 

Amyl alcohol 

Benzol 

A. Kremel found- 



)> 



j» 



»* 



Petroleum ether almost compl. 
Acetone complete. 

Glacial acetic acid 
Chloroform 
Carbon di-sulphide 
Oil of turpentine 



>> 



•> 



>j 



Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 



Manila Elemi. 
3-0 
24-2 



Elemi. 

17-5 

7-8 

25-3 



Saponification value, hot (V.-Z. h.) 27*2 

The figures obtained by Kremel for (presumably hard) 
elemi agree with those of von Schmidt and Erban and the 
author's (see below), who seem also to have had hard 
Yucatan elemi to work with. 

On the other hand, the values given by E. Dieterich 
and Williams do not at all agree with the above, and they 
must either have worked with adulterated products or else 
have used extracts in place of the natural drug. The values 
obtained by the author confirm those of von Schmidt, Erban, 
and Kremel, and show the latter are more near the truth. 

Williams found — 



Acid value, d. (S.-Z. d.) . 

Ester value .(E.-Z) 

Saponification value, hot (V.-Z. b.) 

Moisture ..... 



28-6 
129-0 
157 6 

0*04 per cent. 
3-50 



») 



No information is, however, given as to the kind of 
elemi examined. 

E. Dieterich found, for soft elemi — 



rAcid value, d. (S.-Z. d.) 
extr^t ^ Ester value (E..Z.) . 

I Saponification value, hot (V.-Z. h.) 
11^ 



26-30 
103-60 
129-90 
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98-32 per 


cent.^ 




98-26 


•% 




97-79 


j» 




91-76 


• • 


soluble. 


86-94 


>> 




63-78 


• • 




44-86 


»» 





Solubility in — 

Chloroform — almost complete 

Oil of turpentine 

90 per cent, alcohol . 

Acetic ether 

Ether 

Benzol 

Carbon di-sulphide 

Petroleum ether . 

Whor(;as Kremel prepared a cold solution and titrated 
with Ij alkali, Williams dissolved hot, and in that way 
(h^torminod the acid value (direct). 

For the saponification value (hot) test, both authors 
oniployod boat under a reflux condenser for half an hour, 
luul titrated back with ° sulphuric acid or | hydrochloric 
acid. K. Dieterich saponified in the same way, but con- 
oontratod the liquid so as to expel the alcohol, and then 
U>t)k it up anew. He worked with an alcoholic extract 
On tho solubility of elemi in epi- and di-chlorhydrin 
(^ValontiO — 800 table in Part I. 

lUx\4»i>r and Ikmln^rger found — 

Gregor. Bamberger. 
Mt'lhoxyl v^lue ( . . 0-0 0-0 

^M.^.^ \ 2-5 0-0 

vOu tUo \>>mh of the^ values, see CTiem. Rev., 1898, 

s Uov>[>nt\\\ A kur^^ aiutCHint of mnalytical data referring 
Ix^ U\t> \^ri\H^5^ olomi^si h*$ Wen cantributed bv the author, 
iih'^UKiu^ iW \Nxtt?^niJ^ of $*^x«f;jd rare Tarietie& 

V\\MU ;j^ uu)\^\vJt of pv>^limiii:junr esipmrnente it became 
^vVvVi>^l livj^ls unUW ttiAiiT ock^ nKiiis^ the elemis do 
^M lf^«^t iWuv^ivY^ UN ^^i $jq[^iiiificatMMi, the values 
\NiN|*\l^<si I'tx 5i)^5 W!<^Iwx )yc^ ahraTs^ if only slightly, 
Ivss Kn>jc. M<^ tSr^-c^^i^^ o^^^wiiij^ die acid Tahie (direct) 
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J dissolving the sample in alcohol and titrating to red- 
3SS in presence of phenolphthalein. The saponification 
due was ascertained by the hot method, the resin being 
)iled for half an hour with alcoholic ^ potash (as in the 
lual method) ; but in all cases — unlike some of the above- 
imed authors — he used the natural product in an unaltered 
•ndition, and not in the state of an extract. 

It may be again mentioned that the author's values 
r Manila elemi agree very well with those of von Schmidt, 
rban, and Kremel, but not with those of E. Dieterich 
id Williams, both of whom apparently employed extracts 

adulterated samples, their values being tenfold those 

the other workers. In other varieties of elemi no 
dues are available for comparison. 

With regard to the solubility tests and their results, 
itailed below, it should be noted that two results are 
jnerally given, viz. " from— to," indicating the difference in 
ition of the same solvent when used " cold " and " warm." 
^here no difference could be found, only a single result is 
ven. 

The author found — 



I. Manila Elemi. 



(a) Soft. 
o. 1. Loss at 100" C. 
Ash 

Acid value, d. (S.-Z.- d.) 
Ester value (E.-Z) . 
Saponification value, h. (V 

Solubility in — 

Water 

96 per cent, alcohol 

Ether 

Acetic ether 

Petroleum ether 



16*64 per cent. 
. 0-052 „ 
. 18-08 17-77 
. 7-64 9-91 
■Z.h.) 25-72 27-68 



insoluble. 

almost to completely sol. 
completely soluble, 
almost to completely sol. 
sparingly soluble. 
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No. 



No. 



No. 



Benzine . 

Benzol 

Carbon di-sulphide 
Chloroform 
Acetone . 
Methyl alcohol 
Amyl alcohol . 
Oil of turpentine 
Methylal 
Acetic anhydride 
Chloral hydrate (60 per cent.) 
Do. (80 „ ) 

Acetic acid 
Hydrochloric acid 
Srdphuric acid 

Ammonia 
Caustic potash 



partly to almost 
pletely soluble. 

completely soluble. 



com- 



}* 



>> 



}) 



>> 



partly to completely sol. 
sparingly to partly sol. 
completely soluble, 
almost to completely sol. 
partly to completely sol. 
very slightly soluble, 
sparingly soluble, 
partly to completely sol. 



2. Loss at 100° C. 
Ash 

Acid value, d. (S.-Z, 
Ester value (E.-Z.) 
Saponification value, 



d.) 

h.(V 



>> 



>> 



-Z.h.) 



sparingly sol. (rose red), 
almost completely soluble 

(red-brown), 
insoluble, 
insqluble. 

ll'7l per cent. 
0-023 „ 
24-48 24-14 
2545 25-84 
49-93 49-98 



Solubility, same as No. 1. 



3. Loss at 100° C 
Ash . . 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) . 
Saponification value, b. (V 



-Z.h.) 



17-71 per cent. 

0-14 „ 
17-87 17-97 

8-11 7-72 
25-92 25-69 



Solubility, same as No. 1. 



4, Loss at 100^ C. . . . 

.rioll ..... 

Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
Saponification value, h. (V.-Z. h.) 



15-14 per cent. 

0-10 „ 
19-05 19-46 

6-15 6-03 
25-20 25-49 



Solubility, same as No. 1. 
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No. 5. Loss at 100° C. 


. 19*29 per cent. 


Ash 


0-03 „ 


Acid value, d. (S.-Z. d.) 


. 18-68 18-73 


Ester value (E.-Z.) .■ 


. 6-70 7-71 


Saponification value, h. (V,-Z. h.) 25*38 26-44 


Solubility, 


same as No. 1 . 


(b) Hard. 




No. 6. Loss at 100° C. 


8*46 per cent. 


Ash 


0-93 „ 


Acid value, d. (S.-Z. d.) 


. 18-02 1807 


Ester value (E.-Z.) . 


. 26-99 24-40 


Saponification value, h. (V.-Z. h.) 45-01 42 -47 


Solubility in — 




Water 


. insoluble. 


Alcohol (96 per cent.) 


almost completely soluble. 


Ether 


. partly soluble. 


Acetic ether . 


. almost to completely sol. 


Petroleum ether 


. sparingly soluble. 


Benzine . 


. partly soluble. 


Benzol 


. ahnost completely soluble. 


Carbon di -sulphide . 


. partly to almost com- 




pletely soluble. 


Chloroform 


. almost completely soluble. 


Acetone . 

4 


. partly soluble. 


Methyl alcohol 


. ahnost completely soluble. 


Amyl alcohol . 


. partly to almost com- 




pletely soluble. 


Oil of turpentine 


. partly soluble. 


Acetic anhydride 


»> 


Methylal 


,, 


Chloral hydrate (60 pei 


r cent.) . • ,, 


Do. (80 


>> / • i> 


Acetic acid 


. sparingly soluble. 


Hydrochloric acid . 


insoluble. 


Sulphuric acid 


almost completely soluble 




(red-brown). 


Ammonia 


. slightly soluble. 


Caustic potash 


» 
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No; 



No. 



7. Loss at 100** C. 


• 


6-74 


per cent 


Ash .... 


• 


3-43 


)) 


Acid value, d. (S.-Z. d.) . 


• 


21-84 


24-33 


Ester value (K-Z.) . 


• 


45-80 


45-72 


Saponification value, h. (V. 


-Z.h.) 


67-64 


70-05 


Solubility, same as 


No. 6. 




8. Loss at 100** C. 


• 


10-25 


per cent 


Ash .... 


• 


0-06 


» 


Acid value, d. (S.-Z. d.) . 


• 


5-71 


4-49 


Ester value (E.-Z.) . 


• 


34-96 


27 05 


Saponification value, h. (V. 


-Z.h.) 


40-67 


31-54 



Solubility, same as No. 6. 



II. Yucatan Elemi. 



{a) Soft. 
No. 9. Loss at 100" C. 

Ash .... 

Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
Saponification value, h. (V.-Z. h) 



Solubility in — 

Water 

Alcohol (96 per cent 

Ether 

Acetic ether 

Petroleum ether 

Benzine . 

Benzol 

Carbon di-sulphide 
Chloroform 
Acetone . 
Methyl alcohol 
Amyl alcohol . 
Oil of turpentine 
Acetic anhydride 
Methvlal . 



) 



17-07 per cent 

003 „ 
22-50 22-29 

5-68 9-81 
28-18 3210 



insoluble. 

almost completely soluble. 



» 



>> 



completely soluble, 
slightly soluble, 
slightly to almost com 

pletely soluble, 
completely soluble. 



>> 



>> 



>> 



>> 



>> 



)> 



partly to completely sol. 
almost completely soluble 



>> 



» 



partly to completely sol. 
almost completely soluble 
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Chloral hydrate (60 per cent.) 
Do. (80 „ ) 

Acetic acid 
Hydrochloric acid 
Sulphuric acid . 
Ammonia 
Caustic potash . 

(h) Hard. 
No. 10. Loss at lOO** C. 
Ash 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) . 
Saponification value, h. (V, 



imperfectly soluble. 



>> 



>> 



partly soluble, 
almost insoluble, 
completely sol. (dark red) 
insoluble. 



>> 



. 17*86 per cent. 

0-39 „ 
. M6 1-70 
. 35-42 36-36 
-Z.h.) 36-58 38-06 



Solubility, same as No. 9. 



III. Vera Cruz Elemi. 



11. Loss at 100" C. 


5*02 per cent. 


Ash . . . . 


. 0-24 „ 


Acid value, d. (S.-Z. d.) . 


. 5-98 5-64 11-72 


Ester value (K-Z.) . 


. 40-29 28-34 37-32 


Saponification value, h. (V. 


-Z.h.) 46-27 33-98 49-04 


Solubility in — 




Water . . . . 


. insoluble 


Alcohol (96 per cent.) 


. partly to almost com- 




pletely soluble. 


Ether . . . . 


. completely soluble. 


Acetic ether 


. partly to almost com- 




pletely soluble. 


Petroleum ether 


. insol. to very slightly sol. 


Benzine . . . . 


)> i> 


Benzol . . . , 


. almost completely soluble. 


Carbon di-sulphide . 


>) j> 


Chloroform 


n >> 


Acetone . . . . 


. partly to almost com- 




pletely soluble. 


Methyl alcohol 


. sparingly soluble. 


Amyl alcohol . 


. almost completely soluble. 
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Oil of turpentine 
Acetic anhydride 
Methylal .... 
Chloral hydrate (60 per cent) 
Do. (80 „ ) 

Acetic acid 
Hydrochloric acid 
Sulphuric acid . 
Ammonia 
Caustic potash . 

No, 12. Loss at 100** C. 
Ash 

Acid value, d. (S.-Z. d.) 
Ester value (K-Z.) . 
Saponification value, h. (V.-Z.L) 



slightly to partly soluble. 



• » 



>> 



ji 



«i 



>> 



partly soluble. 



9> 



almost insoluble. 

almost completely soluble. 

slightly soluble. 



» 



4'90 per cent. 

0-06- „ 
36-47 34-85 36*79 
49-78 38-15 4210 
86-25 73-00 78-89 



Solubility, same as No. 11. 



IV. AMcan Elemi (Luban Matti). 



No. 13. Loss at lOO^'C. 
Ash 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) . 
Saponification value, h. ( V 



Z.h 



6*06 per cent. 

3-52 
13-29 14-23 
47-87 45-18 
6116 59-41 



Solubility in — 

Water 

Alcohol (96 per cent 

Ether 

Acetic ether 

Petroleum ether 

Henzine . 

Benzol 

Carbon di-sulphide 

Chloroform 
Acetone . 



) 



insoluble. 

almost completely soluble. 



}) 



i> 



slightly to almost com- 
pletely soluble, 
slightly soluble. 



>> 



almost completely soluble, 
partly to almost com- 
pletely soluble, 
almost completely soluble, 
slightly to partly soluble. 
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Methyl alcohol 
Amyl alcohol . 
Oil of turpentine 
Acetic anhydride 

Methylal 

Chloral hydrate (60 per cent.) 
Do. (80 „ ) 

Acetic acid 
Hydrochloric acid 
Sulphuric acid 
Ammonia 
Caustic potash 

No. 14. Loss at 100° C. 
Ash 

Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) . 
Saponification value, h. (V.-Z. h.) 



slightly to partly soluble. 

partly soluble. 

almost completely soluble. 

partly to almost com- 
pletely soluble. 

partly to almost com- 
pletely soluble. 

slightly soluble. 

partly soluble. 

slightly soluble. 

very slightly soluble. 

almost completely soluble. 

slightly soluble. 



» 



1 '86 per cent. 

0-63 

14-59 15-09 
15-74 15-56 
30-33 30-65 



Solubility, same as No. 13. 



No. 15. Loss at 100° G. 

Ash 

Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
Saponification value, h. (V.-Z. h.) 



5-89 per cent. 

1-19 „ 
35-80 37-33 
54-14 55-71 
89-94 93-04 



Solubility, same as No. 13. 



V. Indian Elemi. 



So, 16. Loss at 100" C. 

Ash .... 

Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 



3-38 per cent. 
0-16 „ 
32-46 35-77 

54-48 64-40 



Saponification value, h. (V.-Z. h.) 86*94 100-17 

Owing to lack of material, the solubility could not 
be determined. 
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VI. Protium (Allmessega) Elemi. 



No. 17. Loss at 100** C. 


. 2-87 % 1-66 % 


Ash .... 


. 0-32 % 0-44 % 


In 96 per cent, alcohol 


. insoluble 3-65 % 


Acid value, d. (S.-Z. d.) . 


. 38-45 39-41 


Ester value (E.-Z.) . 


. 35-82 34-23 


Saponification value, h. ( V.-Z. h.) 74-27 73*64 


Solubility in — 




Water .... 


. insoluble. 


Alcohol (96 per cent.) 


almost to completely sol. 


Ether .... 


. completely soluble. 


Acetic ether 


. partly to almost com- 




pletely soluble. 


Petroleum ether 


. slightly to partly soluble. 


Benzine .... 


. very slightly soluble. 


Benzol .... 


. almost completely soluble. 


Carbon di-sulphide . 


» >> 


Chloroform 


completely soluble. 


Acetone .... 


. partly to completely sol. 


Methyl alcohol 


. partly soluble. 


Amyl alcohol . 


. almost completely soluble. 


Oil of turpentine 


. partly soluble. 


Acetic anhydride 


partly to almost com- 




pletely soluble. 


Methylal 


. slightly to partly soluble. 


Chloral hydrate (60 per ccd 


it.) . partly soluble. 


Do. (80 


) . mostly soluble. 


Acetic acid 


. partly to almost com- 




pletely soluble. 


Hydrochloric acid 


. almost insoluble. 


Sulphuric acid 


. almost completely soluble. 


Ammonia 


. slightly soluble. 


Caustic potash 


>) 



VII. Resina Gommart. 

No. 18. Loss at 100° C. . . . 1*69 % 

Ash 0-14 % 

Acid value, d. (S.-Z. d.) . . 46*41 

Ester value (E.-Z.) . . . 53*76 

Saponification value, h. (V.-Z. h.) 100*1 7 



0-15 % 
47*42 
51*92 
99*34 
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VIII. Anime. 



Acid Ester Saponification 

Value, d. Value Value, h. 

(S.-Z. d.). (E.-Z.). (V.Z. h.). 

( 29-69 29-77 59*46 

No. 19. East India Anime . [ ^q,^^ 33.^^ 39.3^ 

No. 20. West India Anime . { ^^f^ J J^'|^ J^^'|^ 



IX. Caranna Resin. 

No. 21— I. II. 

Acid value, d. (S.-Z. d.) . . 79-37 79-37 

Ester Value (K-Z.) . . . 110-48 111-84 

Saponification value, h. ( V.-Z. h. ) 189-85 191-21 



X. Tacamahac Resins. 



No. 22. Bourbon Tacamahac 
No. 23. West Indian Tacamahac 
No. 24. Do. do. 

No. 25. East Indian do. 
No. 26. Do. do. 

No. 27. Do. do. 



Acid Ester Saponification 

Value, d. Value Value, h. 

(S.-Z. d.). (E.-Z.). (V.-Z. h.). 

( 38-10 68-22 106-32 

1 39-56 78-47 118 03 

( 28-40 68-43 96-83 

1 22-71 75-88 98-59 

( 20-39 77-33 97-72 

( 27-75 95-15 122-90 

(32-99 38-81 7180 

I 34-43 36-57 71-00 

I 21-41 32-67 58-04 

1 21-37 37-58 58-95 

22-20 60-90 83-10 

•60 66-31 88-91 



J 22-i 
(22-( 



In conclusion, the following values were furnished by a 
Brazilian resin of the elemi type, known as " Almiscar," sent 
to the author by a friend : — 
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Loss at 100" C. 




• • 


. 6*74 per cent. 




Ash 




• • 


. 0-54 




Acid value, d. (S.-Z. d.) 




• • 


. 25-35 22-48 


26-39 


Ester value (E.-Z.) 




• • 


. 51-38 30-51 


36-45 


Saponification value, h. 


(V. 


-Z. h.). 


. 76-73 52-99 


62-84 



results which confirm the impression produced by the appear- 
ance and odour of the specimen, to the effect that it is allied 
to elemi. 

From the foregoing series of results it is evident that the 
soft elemis differ, in the first place, from the hard kinds in 
their higher percentage of loss at 100° C. In certain cases 
the soft kinds also exhibit higher acid values, from which it 
may be concluded that the acid substances are present in the 
ethereal oil, or that the acid bodies are dispersed in some way 
during the desiccation of the resins and their conversion into 
the hard form. These observations, however, could not be 
confirmed throughout. In all kinds the percentage of ash is 
very low, and the few instances where 3 per cent, and over 
was found are probably specimens contaminated by accidental 
mechanical impurities. One per cent, of ash is the highest 
permissible limit for good elemi. As regards solubility,, all the 
varieties may be termed relatively soluble ; ether being a 
particularly good solvent throughout, then alcohol, chloroform, 
carbon di-sulphide, benzol, and 80 per cent, chloral hydrate 
solution. Benzine and petroleum ether are the least effective 
solvents. 

In respect of constants, the true elemis show com- 
paratively low acid and saponification values ; this applies to 
Manila elemi in particular. The scanty solubility of all 
elemis in ammonia and alkali is in itself an indication that, 
no great amounts of acid or ester-like constituents are present 
The neutral " resenes " apparently predominate. This may 
also explain why elemi, as relatively resistant towards 
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reagents, is largely used for tempering varnishes. As a 
general rule the acid, ester, and saponification values seem 
to increase the more remote the specimen is from the 
Kaff i^oxvv elemi — Manila elemi — on the list drawn up by 
the author and already detailed. This is seen most clearly in 
the case of Anime and Caranna resin, and still more so with 
Gommart. Protium (Almessega) elemi is more closely allied 
to the African and Indian kinds than to Manila elemi. The 
author was unable to confirm Hirsch§ohn's assumption that 
Bourbon Tacamahac is identical with Caranna resin (q.v.). 
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28. Guaiacum Resin. 

Besina Guajaci, 

Origin and Habitat. — Guajacum officinale (Zygophylleae). 
Tropical America. 

Chemical Constituents. — Guaiacum resin (CgoHggOgOH); 
guaiaconic acid (C2oH2203(OH)2) ; guaiacic acid (C2iHi904(OH)3) 
(Hadelich's )8-resin) ; guaiacol and guaiacum yellow (C20H20O7). 
(Dobner and Llicker.) 

According to Herzig and Schiff, guaiacum resin contains 
two HO groups, and two OCH3 groups, whereas Dobner and 
Llicker found only one hydroxyl group. The difference in 
these results may be principally due to variation in tlie 
methods employed for acfitylising. 
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Oeneral Properties and Commercial Varieties. — 

Guaiacuni in massa forms a dark green to brownish black 
amorphous mass, dusty on the surface, of vitreous conchoid 
fracture, transparent in thin splinters, and frequently con- 
taminated with fragments of wood and bark. When chewed, 
the mass softens and has a strongly irritant taste. The resin 
melts at about 85° C, and resembles benzoin in odour. Its 
alcoholic solution is turned a beautiful blue or green by 
oxidising agents. Amber giuiidcum is merely a very pure 
kind of guaiacum, and has nothing in common with amber. 
The variety known as cdcohole depuratum and in lacfymis 
is preferable to the in massa kind, on account of its 
greater purity, but is rarely met with in commerce. 

Adulterants. — Colophony, and the very similar but 
yellowish brown resin, Guajacum penivianum odorifa'um. 

Analysis. — Only two kinds of guaiacum are at present 
on the market in any quantity — the natural crude, and the 
purified resin : the variety " guaiacum in tears " is now very 
rare. 

Ward found — 

I. IL ni. 

Ash 2-99 3-34 6*85 per cent. 

Soluble in alcohol . 96*2 929 87*28 „ 

Soluble in water 3 "0-4*66 per cent. 

According to Hager the points to be taken in considera- 
tion are — 

Physical properties. 

Solubility in chloroform and ethyl alcoboL 

For the detection of colophony in guaiacum the same 
authoriry recommends the addition of an excess of canstic 
potash lo the alcoholic solution, the colophony being thrown 
down as an insoluble resin soap The Storeh-Morawski 
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reaction for the same purpose has already been described 
under Colophony. 



Hirschsohn found — 



Soluble in Petroleum Ether- 









Dried at 17^ C. 


at 120° C. 


Guaiacum 


in granis 


• 


2-35 


per cent. 


2-00 per cent 


Do. 


lac7*ymis 


• 


2-92 


j« 


2-01 „ 


Do. 


massis 


• 


2-10 


>> 


1-80 „ 


Do. 


do. 


• 


3-03 


>j 


2-40 „ 


Do. 


do. 


• 


4-03 


>> 


3-97 „ 


Kremel found — 


















I. 


II. 


Acid value, d. (S 


.-Z. d. 


) . 


23-28 


44 



by the direct method, and rightly limited his experiments to 
this value ; Dobner and Lticker having, as already mentioned, 
found guaiacum to be free from ester, and to contain only 
resin acids similar to phenols. 

Evans found — 





Insoluble 


Ash 


in 




Matter. 


Insoluble Matter. 


Resin in blocks, prima 


2-99] 


per cent. 


56*2 per cent. 


Do. do. 


7-66 




18-0 




Do. do. 


7-89 




23-1 




Do. do. 


. 10-00 




18-7 




Resin in tears do. 


1-54 




11-5 




Do. secunda 


9-00 




20-2 




Rabenau found — 














I. 


II. 


III. 


Soluble in petroleum ethei 


r . 


^ 

0-06 


/o 

0-02 


/o 

0-01 


Soluble in ether . 


• • 


57-80 


73-90 


66-90 


Insoluble in ether and alec 


)hol 


9-90 


6-10 


12-20 


Ash .... 


• • 


6-45 


4-75 


9-75 
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E. Dieterich found the following percentages of solubility 



ill 

Q 


. in massa. 


DepurcUum, 


Naturale. 


Pulveratum. 


90 per cent, alcohol . 


75-99 


complete. 


52-28-79-24 


95-18% 


Acetic ether . 


75-70 


n 


49-17-97-22 


94-62 


Chloroform 


64-23 


»» 


33-91-89-18 


96-72 


Ether 


69-91 


90-66 


22-93 80-56 


87-08 


Benzol . 


68-40 


89-09 


19-39-89-72 


69-66 


Oil of turpentine 


47-77 


59-96 


12-23-55-89 


41-89 


Carbon di-sulphide . 


27-81 


34-33 


12-41-23-69 


34-46 


Petroleum spirit 


6-69 


6-16 


1 •93-10-06 


6-31 



The author has worked out the following new method 
for determining the acid value of guaiacum, and recommends 
back titration, in preference to the direct process, as a better 
means of securing a more suitable titration liquid and the 
complete combination of the resin acids. 

(a) Acid value, ind. (S.-Z. ind.). — One grm. of resin is 
suflused with 10 c.c. of alcoholic ^, and 10 c.c. of 
aqueous ^ caustic potash, and left for twenty-four hours 
in a flask fitted with a glass stopper. After adding 500 
C.C. of water, the liquid is titrated back with ^ sulphuric 
acid and phenolphthalein. 

(ft) Ash. — Two grms. of the drug are incinerated with 
care. 

The values obtained were — 

G. in massa, acid value, ind. (S.-Z. ind.) . 89-60-92-50 
G. depuratum do. do. . 89-60-97-50 

G. in lacrymis do. do. . 72-00-75-60 

The commercial grade '* in massa " should not contain 
over 10 per cent, of ash, whilst the "purified" and "in 
tears " kinds should contain as little as possible. These last 
two kinds should be almost completely soluble in strong 
alcohol. 
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Adulteration with colophony is revealed by the very 
high acid values then furnished. 

For detecting colophony and Peruvian guaiacum {Chiaja- 
cum peruvianum odoriferum), Hirschsohn recommends bromine 
solution. The pure resin, dissolved in chloroform, should 
give with this reagent a blue coloration ; adulterated speci- 
mens a red coloration. Petroleum ether will extract only 
2—3 per cent, (see above) from the pure resin, but up to 42 
per cent, from adulterated kinds. (More correctly stated, 
the adulterated specimens show a very high percentage of 
matters soluble in petroleum ether. According to E. 
Dieterich, the pure kinds yield over 3 per cent., some as 
much as 10 per cent., to this solvent.) 

Mauch states that guaiacum is soluble in 60 per cent, 
and 80 per cent, solutions of chloral hydrate. 

The author also determined the acetyl values, and 
found — 

Acetyl 



Acid Value. Ester Value. Sapou. Value. 

(A.-S.-Z.). (A.-E.-Z.). (A.-V.-Z.). 

G.depuratum. 13-57-14-89 149-33-149-75 163-22-164-22 

G.inmassa . 45-84-53-15 121-75-139-16 167-59-192-44 

Gregor and Bamberger obtained the following methoxyl 
values — 

I. II. 

Gregor, Methoxyl value (M.-Z.) . 73-8 74*2 

Bamberger do. do. . 83*8 84*0 

From the above data, it is evident that the variety " in 

massa " is the poorest, and that " in tears " the best kind of 

guaiacum, the "purified" grade occupying an intermediate 

position. All three kinds are distinguishable by their acid 

value, ash content, and degree of solubility in alcohol. 
12 
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29. — Jalapa Resin. 

Hesina Jalapce (officinal in Germ. Pharm. IIL). 

Origin and Habitat. — Tpomcea Purga, Hayne (Convolvu- 
laceae). Mexico. 

Chemical Constituents. — Convolvulin (CjiHjoOie), in- 
soluble in ether ; also Jalapin = Orizabin (C34H5eOi6), soluble 
in ether (W. Mayer). 

Oeneral Properties and Commercial Varieties. — 

Long, round, dark, or black sticks, with lustrous fracture 
and dull outside ; practically insoluble in water, but soluble 
in alcohol and partly so in ether. According to Georgidas, 
Convolvulvs althceoides also yields a resin, said to be suitable 
for replacing the officinal variety. It is contained, to the 
extent of 6—7 per cent., in the said ConvolvtUacea (Beyrout 
and vicinity), and contains 25 per cent, of substances soluble 
in ether. 

Adulterants. — Eesin from FungiLs Laricis, colophony, 
guaiacum resin, aloes, myrrh, resin from Jalapa stalks, Tolu- 
balsam. 

Analysis. — A copious literature exists on Jalapa resin, 
and especially with regard to the nodules from which the 
resin is artificially obtained by extraction with alcohol. 
Numerous workers have interested themselves with the 
percentage content of resin in Jalapa ; and, as the question 
is an important one, their labours are recorded here. . 
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Trommsdorf found 10*00-11*25 per cent, of resin; 
Dulk, 12*5 per cent.; Baudimont, 14 per cent.; Bernatzik, 
9-12 per cent. Schwabe found at first 14 per cent.; later, 
only about 7 per cent, of resin, and was the first to confirm 
the retrogression of the Jalapa nodules, in point of resin 
content. Schacht found 10-12*5 per cent, of resin. 

Guibourt found — 

I. XL III. 

Ofl&cinal Jalapa — Orizaba Jalapa — Finger Jalapa — 

Medium. Young. Medium. Young. 

17-65 14-68 8-00 7-38 3*91 % resin. 

So that in general the younger nodules are poorer in 
resin than the older ones. Vulpius showed that now 
they contain not more than 10 per cent. ; and Fltickiger also 
confirmed the decrease to this figure, from the former rate of 
20 per cent. 

Von Ledden-Hulsebosch found that commercial Jalapa 
powder contains from 7—9-6 per cent., and states that 
10 per cent, is scarcely ever attained at present. 

E. Dieterich, in his pharmaceutical manual, gives the 
yield as 12-14 per cent. Bellingrodt placed it at 11-58 
per cent. ; later, at 11 '60 per cent., stating that 10 per cent. 
could well be laid down as a minimum. Waage found 12 
per cent, of resin ; Turner and Squibb, less than 1 per 
cent., viz. 7*32, 9*10, 872, 7*82, 651, 8-79, and 6*19 per 
cent. Alcock extracted with amyl alcohol, and also 
obtained below 10 per cent. Cripps found over 10 per 
cent, in fourteen kinds, and more than 12 per cent, in 
seven ; he gave the lowest limit as 5 per cent. ; the highest, 
15 per cent. 

That the percentage of resin in Jalapa nodules has 
decreased in the course of years, and that — as is now 
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unfortunately the case with nearly every kind of drag- 
inferior goods are in the market may therefore be regarded 
OH proved. Perhaps this is due to an inferior method 
of (;ollc^;tion, or maybe to some fermentation process that 
(lid not (xjcur formerly. For, as shown by E. Dieterich, 
whereas an unfermented gentian root yields 40 per cent 
of extract, fermented root yields only 20 per cent. Such 
t'crnicntation might occur through the careless piling up of 
larg(j (juantities of the drug. 

H('aring the first-named point in mind, the German 
Pharinacopcida, No. II., went rather too far, and required 
only 7 per cent, of resin, against which clause both Thorns 
and r»ollingrodt rightly raised objection, and desired to fix 
1 per cent, as the minimum ; and indeed, in view of the 
fact that other Pharmacopoeias demand 10 and even 12 per 
cv.nL, t\m aforesaid minimum of 7 per cent, seems to be 
do(»idodly too low. The author can only approve the 10 
|)or (HMit. proposed by Thoms, since, if traders find the 
Phiu'niao.oj>a»ia so yielding, they are likely to still further 
lowor lhi» sUmdanl of their wares, in the expectation that 
tho liuut^s pn^scrilKHl by the Pharmacopoeia will be again 
nnluood. 

So tar as the examination of Jalapa is concerned, the 
oxjHMisivo nalun^ of the drug has caused this to be widely 
ailvivatinl and atiomptoii 

i'olophony, exlraois, and false Jalapa resins are the 
niain aduI(on\nts. I^neau desorilies an adulterated resin 
whioh ^Hsiisl *,>0 jvr ivni. to ether, whereas only 2 per cent 
ij< j^>lublo in tho oasi^ of the pure resin. For the Storch- 
Mot^wski ixnionon for coloplwny, see the description of that 
wsiu. IVrnHtnk. in his compneheosiTe treatise. on Jalapa, 
^aw A tuoth^xl tot detecxing false resin, based on the 
\i\\v)^mt 9i4ul^liiy of tlie tmxi resiiis in chloroform. KM- 
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mann, however, characterised it as tedious, and proposed 
to employ the sp. gr. as a distinctive indication, that of the 
pure resin being 11*46, and of stalk resin, 1*047; and on 
the basis of this difference he calculated the percentage of 
both in a mixture. This method seems to the author rather 
hazardous, since it is clear that the pure resin, which always 
contains more or less air, cannot have a constant sp. gr. 
How much the more then is the quantitative calculation 
a risky procedure ! The author's experience shows that the 
method requires using with great care. (Compare the sp. gr. 
found by Beckurts and Briiche, given below.) 

The former Pharmacopoeia Committee advised the ammonia 
test as a characteristic one, the resin being warmed with 
ammonia — whereby the convolvulin is converted into convol- 
vulinic acid — and the filtrate treated with an acid, where- 
upon any colophony present should come down as a flocculent 
or gelatinous precipitate, the convolvulinic acid not being 
thrown down from the ammoniacal solution. Later on, 
however, the committee found that nearly all Jalapa resins, 
even when pure, give a precipitate with acid, and modified 
the method so that 2 grms. of resin warmed with 10 grms. 
of ammonia should furnish a solution that would not 
gelatinise. The German Pharmacopoeia, No. III., prescribes 
non-gelatinisation with ammonia, and mere turbidity with 
acetic acid. This latter test is, however, incorrect, there 
being few if any resins that will give nothing more than 
turbidity with acid, most of them yielding a precipitate. 
Further on it is required that the resin shall produce no 
coloration when ground in a tenfold quantity of water. 
Unfortunately the ammonia test in its original form has 
found its way even into the newest text-books, whereas 
only the modified form, without addition of acid, is accept- 
able. Hirsch, in his critique on the American Pharmacopoeia 
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states that the matters soluble in ether are precipitated by 
acid when they have been redissolved in 5 per cent, caustic 
potash after the evaporation of the ether, whereas the 
portion insoluble in ether does not come down when treated 
in the same manner. 

In any case, no great reliability can be placed on these 
qualitative tests, as is shown by the fact that later investiga- 
tors occupied themselves with quantitative examinations on 
the usual analytical lines, leaving the aforesaid tests in the 
background. 

We are indebted, for the first quantitative values, to 
Kremel, who found — 





Acid 


Ester 


SapoD. 


• 


Value, d. 


Value 


Value, h. 




(S.-Z. d.). 


(K-Z.). 


(V.-Z. h.) 


Jalapin . 


. 14-7 


172-9 


187-6 


Jalapa resin 


. 12-9 


119-8 , 


132-7 


Do. 


. 12-1 


120-7 


132-8 



Kremel stated that the one Jalapa resin was prepared by 
himself, the other being a commercial product. Concordance 
in the values furnished by two resins of entirely different 
origin indicates that the method employed is the correct 
one. An addition of colophony would give a considerably 
augmented acid value. 

On the basis of a considerable number of specimens 
examined, Beckurts and Briiche formed the conclusion that 
the sp. gr., solubility in alcohol, and the acid, ester, and 
saponification values are suitable for determining the worth 
of Jalapa resin, and for the detection of adulteration. 
Unfortunately they did not subject any adulterated specimens 
to examination in this manner : at least they do not say any- 
thing about this point. 







JALAPA 


BESIN 




They i 


"ound — 












Acid 


Ester 


Saponification 




Sp. gr. 


Value, d. 


Value 


Value, h. 






(S.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


1. 


1-143 


15-0 


110 


125 


2. 


1-147 


13-0 


121 


134 


3. 


M50 


18-0 


111 


129 


4. 


1-151 


27-0 


109 


136 


5. 


1-149 


11-0 


118 


129 


6. 


1-149 


20-0 


113 


133 


7. 


1-149 


14-0 


126 


140 
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The percentage soluble in (alcohol free) chloroform should 
not exceed 6 per cent., as was also laid down by Hager. 

The above values agree well with those of Kremel, thus 
showing that the characteristic values in question are of use 
in testing Jalapa resin. 

According to the Chemist and Druggist, Sage examined 
nodules that had been stored for twenty-eight years, but 
found them little richer in active constituents than freshly 
collected specimens. He obtained 11 '34 per cent, of total 
resin, only 7*5 per cent, of which was soluble in ether 
(0*85 per cent, soluble, and 10-49 per cent, insoluble in 
ether). 

Hooper attributes the divergent resin content of the 
nodules to the character of the soil (especially in respect of 
phosphates). 

The author has reported on the quantitative examination 
of pure Jalapa resins prepared by himself, and also of 
adulterated specimens, as well as on the interesting results 
obtained by W. Hampe in the Helfenberg laboratory, showing 
the influence exercised by additions of colophony, guaiacum, 
and gallipot on the normal values given by Jalapa resin. 

The method adopted was as follows : — 

{a) Acid value, direct (S.-Z. d.) — One half-grm. of Besina 
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JalapoR is dissolved in 50 c.c. of ethyl alcohol and titrated 
with alcoholic \ potash and phenolphthalein, preferably in 
a high measuring cylinder. 

(6) Saponification valuta hot (V.-Z. h.) — One half-grm. 
is dissolved in 50 cc of alcohol, treated with 25 c.c. of 
alcohol ^ caustic potash, and heated for an hour on the 
steam bath. After cooling in a loosely closed vessel, the 
liquid is titrated back with ^ sulphuric acid and phenol- 
phthalein. The number of c.c. of alcoholic potash consumed 
per 1 grm. of resin, multiplied by 28*08, gives the saponifi- 
cation value. 

This is the same ( " usual " ) method as furnished Kremel 
the much lower values already cited. 

The same method applied to two resins prepared by the 
author from Tubera Jalapee gave very concordant results — 

Referred to dry substance. 

L Res. Jal. II. Res. Jal. I. Res. JaL 11. Res. Jal. 
ipse parat. ipse parat. with 3*4 % with 4*96 % 

loss in drying, loss in drying. 

Acid value, ( 26*58 27*30 27*52 2-^*72 

d. (S.-Z. d.)l 27*13 27*30 28*09 28*72 

Sapon. val.,r 244*72 234*04 253*32 246*30 

h. (V.-Z. h.)l — "234*04 — 246*30 

Since these figures do not agree with those of the 
authors cited above, further experience is necessary to 
decide which are the more correct. Those now given 
may at anyrate lay claim to full worth, having been 
obtained from perfectly pure resins prepared at first- 
hand. 

In order to determine the value of the method itself, 
it was then applied to purposely adulterated Jalapa resins. 
Three of the most customary adulterants were added, in 
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not too large proportion, to the above-mentioned 11. Res. 
Jalapae ; and the following results were obtained : — 

The same with 



Resina 



Jalapae 10 % 20 % 10 % 20 % 10 % 20 % 

ipse parat. Colo- Colo- Guaia- Guaia- Galli- Galli- 
phony. phony, cum. cum. pot. pot. 

Acid value, d. f 27*30 39-08 54*07 32*13 . 39*62 42*29 56*75 

(S.-Z. d.) I 27-30 39*08 53*54 2945 39*08 41*76 56*21 

Saponification 1234*04 321*84 221*76 221*76 202*16 221*76 211*12 

value, h. (V.-Z. b.) 1 234*04 231*84 223*44 221*20 204*96 221*76 211*12 

Thus colophony, even in small amount, largely increases 
the acid value ; Resina guajaci considerably depresses the 
saponification value; and gallipot, like colophony, tends 
to raise the acid value. The influences exercised by even 
small proportions of these adulterants are appreciable, and 
would naturally be more so were the amounts greater. 

The same mixtures were examined by the test prescribed 
by the Germ. Pharm. III., with the result that no objection 
would be taken, on the basis of this test, to such of them 
as contained 10 per cent, of adulterants, or even that 
containing 20 per cent, of guaiacum. The defect of this 
method lies in the circumstance that the added resins also 
are soluble in ammonia, and that a portion of the Jalapa resin 
is also precipitated from the ammoniacal solution. 

The following results were obtained in the examination 
of a commercial specimen of Jalapa resin which had been 
purposely adulterated with powdered gum and also with 

colophony : — 

K-esina Jalapae pulv. 
adulterated with 



Gum. Gum and Gum and 

25 % of Colophony. 50 % of Colophony. 
Acid value, ( 18*82 53*15 97*27 

d. (S.-Z. d.)l 19*37 53*70 97*27 

Sapon. val., r 154*50 164*60 180*30 

h. (V.-Z. h.) I 155-20 164*60 — 
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These figures show that the method is very well adapted 
for the detection of adulterants, an assumption which agrees 
with the experience of the authors already cited. 

The carbonyl value also has been determined by Kitt, 
who found it = 1-02. 

Gregor and Bamberger applied the methoxyl value test 
with negative results. 

(For the value of these determinations, see Chem. Bev., 
1898, NTo. 10.) 
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30. Kino. 

Origin and Habitat. — Ordinary Amboyna Malabar kino 
is obtained from Fterocarpiis Marsupium (Papilionacese) ; 
Bengal kino from certain species of Butea (Leguminosae) ; the 
Australian varieties from species of Eucalyptus (Myrrtacese) ; 
and Angophm^a ; Jamaica or West Indian kino from Coccoldba 
uvifera (Polygoneae) ; whilst African kino comes from Ptero- 
carpus erindccus. Similar sap-products are furnished by 
numerous other trees, such as species of Angophoray 
Ceratopetalum apctalum and gummifencm, and also by 
species of Millatia (Leguminosae). According to Schaer, 
Mexican dragon's-blood from Groton Draco, and dragon's- 
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blood from Columbia and Venezuela are similar to Malabar 
kino, a remark which also applies to KS-t-Jadikai, a kino 
from Myrristica Maldbaricum. 

Liquid kino is derived from Angojphora intermedia, 
Queensland. French (south) cultivated kino comes from 
Eiccalyptus leucoxylon and E, viminalis. Kino from Colombo, 
Bangley Creek, and Eastwood is furnished by Angophora 
cordifolia, suhvelutina, woodsiana, lanceolata, and intermedia. 
Kino from Botany and the Blue Mountains, comes from 
A lanceolata, not, as erroneously assumed, from Eucalyjptus 
maculata (Maiden). Malabar, Africa, Australia, Jamaica, 
and Southern France. 

Chemical Constituents. — Malabar kino contains — kino- 
tannic acid, 85 per cent.; ash, 13 per cent.; kino red, and 
pyrocatechuic acid. The varieties from Pterocarpus erinaceus 
contain pyrocatechin (Fliickiger). K§,t-Jadikai from Myrristi- 
cum Malaharicum contains small quantities of crystalline 
calcium tartrate, but in other respects has the same 
composition as Malabar kino. Whereas kino from Pterocarpi 
contains pyrocatechuic acid, the varieties from Eucalypti 
also contain a small amount of gallic acid (Kremel). The 
latter also generally contain gum, some indeed, like the kino 
from Eucalyptus giganteay containing that substance alone. 

General Properties and Commercial Varieties. — Nearly 
all varieties of kino, from whatever source — Malabar kino 
(the ordinary commercial article), Australian kinos from 
Eucalypti and Angophorae, as well as other kinds — form 
pale to dark red masses, or granules, with a very astringent 
taste and imparting a red coloration to the saliva ; they 
are soluble in hot water, alkalis, and, to some extent, in 
alcohol, and are more or less contaminated with vegetable 
detritus. Australian eucalyptus kinos are in the form of 
almost black, vitreous tears, which swell up to a gelatinous 
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mass in water and in alcohol. " Creek gum," from Eucalyptus 
rostrata, is said to be the best kind. 

Bengal kino, from species of Butea, are black, brittle tears, 
almost completely soluble in water. This kino, from the 
bark of Butea frondosa, should not be confounded with 
the stick lac (see Shellac) from the same tree. 

Jamaica kino forms small, blackish brown, brittle tears, 
or masses, with a lustrous fracture. African kino, as also 
the kinos from species of Angophora and Oeratopetalum, 
those from Colombo, Bangley Creek, Eastwood, Botany, Blue 
Mountains, and liquid kino from Queensland, are practically 
no longer met with in commerce, and are of merely local 
importance. The allied varieties of dragon's-blood, from 
Mexico, Columbia, and Venezuela, are also no longer in 
the market. 

The Hartwich method for differentiating the varieties 
of kino from species of eucalyptus, is referred to later on 
(see Analysis). 

Adulterants — Other varieties of kino. 

Analysis. — I. Malabar Kino. — True analytical data are 
almost entirely lacking, and therefore the solubility and 
other properties must be called in aid. Kino is slightly 
soluble in cold water, more so in warm water, alkalis, or 
alcohol, the solutions in the last named having a ready 
tendency to gelatinise. Ferric sulphate solution gives a 
green coloration after awhile, the colour changing to violet 
on the addition of alkali carbonates or acetates. Ferric 
chloride gives a green precipitate, which turns purple-red 
in presence of alkalis; and dilute mineral acids produce 
a flocculent precipitate. 

Will and Branch examined the effect produced on 
Malabar kino by different methods of drying, and subjected 
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the sap of Fterocarpus Marsupium to different preparatory 
processes, viz. : — 

No. 1, boiling, followed by drying; an operation that 
lasted several weeks. 

No. 2, boiling, followed by drying on the steam bath, 
which only took about four hours. 

No. 3, spreading out in thin layers to dry in the sun 
(twelve hours). 

No. 4, spreading out in thin layers, and drying for 
twenty-four hours in the shade. 

No. 5 was a specimen of Malabar kino prepared from 
unboiled sap. 

No. 6, one from boiled sap. 

The following results were obtained : — 

No. 1 consisted of small, angular, red-brown fragments, 
which furnished a terra-cotta powder, and was soluble to 
the extent of 57 per cent, in water, 78 per cent, in rectified 
alcohol, and 78*5 per cent, in pure alcohol. It contained 
39*33 per cent, of tannic acid, and 1*13 per cent, of 
ash. 

No. 2 formed small, angular, very friable, red-brown, 
lumps, with clear sur&tce and translucent corners. Water 
dissolves 77*4 pei; Cent., rectified alcohol 85 per cent., pure 
alcohol 84 per cent., tannin 49*17 per cent., ash 1*1 per 
cent. 

No. 3 was in small regular, reddish black lumps, 
soluble to the extent of 79*6 per cent, in water, 81 per 
cent, in rectified alcohol, 86*5 per cent, in pure alcohol, 
and contained 49*76 per cent, of tannin and 1*0 of 
ash. 

No. 4, thin transparent lamellae of a brilliant red colour, 
soluble to the amount of 77*6 per cent, in water, 84 per 
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cent in rectified alcohol, 83*5 per cent in pnre alcohol, 
and containing 45*3 per cent of tannin, and 1*3 per cent 
of asiL 

No. 5, small angular lamps, and thin, raby red, trans- 
parent lamellae. Solubility, in water 77 per cent, in 
rectified alcohol 83 per cent, in pure alcohol 85 per cent 
Tannin content 55*13 per cent, ash 0*8 per cent 

No. 6 consisted of angular fragments of various sizes, 
dark brown in colour, soluble to the extent of 58 per cent 
in water, 77 per cent, in rectitied AlcoHol, 79'5 per cent 
in pure alcohol, and containing 41 12 per cent of tannin 
and 0'7 per cent, of ash. 

From these data it is evident that the varieties dried 
in the sun or by artificial heat are fairly alike, and that 
it is not advantageous to boil the sap before drying. The 
Zambesi kino examined by the same authors proved to be 
an inferior article, and had, moreover, been badly prepared. 

C. B. Breidenbach found the maximum percentage of 
ash in various sorts of kino to be 2*8 per cent, the 
minimum being 1*2 per cent 

Solubility in — 

Ether .... 0*29- O'Sl per cent 

Absolute alcohol . . 94-00-99-00 „ 

95 per cent alcohol . 90*00-97 -40 „ 

Water . . . 10'00-17-90 

According to Christy & Co., the true Malabar kino 
almost entirely disappeared from the European market for 
a number of years, but is now available in sufficient quantity 
once more. They examined a series of commercial samples 
— only one of which (No, 6) was pure — and obtained the 
following results : — 
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Solubility 


Tannin 


Appearance. 


Ash 

% 


Solubility in 
water. 


in 
rectified 


% 

(Lo wen- 






alcohol. 


thai). 


I. Black; reddish 


4 % The greater part 


Less than 


34-4 % 


brown when 


grey 


soluble ; dark 


half 




powdered 




red 






2. Yiolet-black 


2-8% 


Almost com- 


Three- 


39-9 % 




grey 


plete ; pale-red 
solution 


fourths 




3. Garnet red drops, 


6% 


Greater part sol- 


Gelatinised 


28-0 % 


adhering to bark 


grey 


uble; port wine 
colour 






4. Black; red when 


3-4 % 


Almost com- 




26-2.% 


powdered 


while 


plete; dark port 
wine colour 




/ N^ 


5. Deep black; brown 


7-0 %■ 


Less than half; 




14-2 % 


when powdered 


grey 


port wine col- 






6. Pure kino, garnet 


1-7% 


UUL 

About three- 


almost 


52-0 % 


red 


white 


fourths ; pale 


complete 








red solution 


■ 





At the present time, Malabar Amboyna kino is the only 
kind used for medicinal purposes, e.g. as tincture. The other 
sorts are almost exclusively devoted to technical uses : dyeing 
and tanning. Certain kinds of dragon's-blood (see above), 
and cultivated (eucalyptus) kinos from the south of France, 
are very similar to Malabar kino. 

Caesar & Loretz report the result of their researches 
as follows : — 

" Within the last few years we have given more 
particular attention to the testing of these drugs, and have 
found, in the first place, that the several commercial 
varieties differ from one another in a remarkable degree, 
and also that the prices quoted for some are often out 
of all proper proportion to their actual value and qualitative 
composition. The points that should determine the value 
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of any kino are: percentage of tannin, solubility in water 
and alcohol, and the amount of residue left after combustion, 
rather than the — often entirely arbitrary — classification 
according to centres of production. 

" To afford a better insight into the matter we subjoin 
the results of our last year's testings : — 



Soluble in 90 
% alcohol . 

Soluble in 
water . . 

Tannin . . 

Ash 

Moisture 




6 


/ 


8 


1 ' 

/o j /o 


/o 


97-70 


93-54 


97-43 


91-43 


89-07 


96-99 


58 32 


56-20 


52-73 


0-53 


0-91 


80 


17-72 


8-51 


10-87 



% 

89-67 

90-89 

43-82 

6-23 

12-18 



" Nos. 1-8 are best commercial grades from Pterocarpiis 
Marsupium and F. erinaceus ; JSTo. 9, a doubtful African kino, 
the aqueous and alcoholic solutions of which were remark- 
ably pale, turbid, and almost unfilterable. The tannin 
determinations were made in the usual manner, with lead 
acetate." 

II. Australian Einos. — Maiden gives the following data 
for new Australian kino from Milletia megasperma (the first 
occurrence of kino in Australian Leguminosce) : — 



Tannic acid 
Moisture 
Ash 
Insoluble 



78-00 per cent. 
20-00 „ 

0-8 

0-9 



>> 



and states that almost all kinos furnish a turbid solution 
with water. Nearly all eucalyptus kinos are partly soluble in 
alcohol ; only that from Eucalyptus gigantea contains so much 
gum that it is quite insoluble in alcohol. Maiden found 
for liquid kino from Angophora intermedia (Queensland) — 
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Sp. gr. . 
Tannic acid . 
Solution in ether . 



1022 

3*048 per cent. 

0-150 



>> 



The ethereal extract consisted of catechin and resin. 

According to Kremel, all varieties of eucalyptus kino con- 
tain gallic acid in addition to protocatechuic acid. 

Wiesner found in eucalyptus kino 15—17 per cent, of 
moisture, traces of ash, gum in nearly all (that from Eiicalyptus 
gigantea consists solely of gum), catechin, and pyrocatechin ; 
sp. gr. 11 1—1*14, the samples sinking in water. The 
solutions lather, and give with ferric chloride a black-green 
precipitate, with sulphuric acid a pale red precipitate. 

Heckel & Schlagdenhaufen confirmed the similarity 
between Malabar kino and that from Eucalyptus leucoxylon 
and E. viminalis (Southern France), which furnished them 



Wltll bllO lUllUWlUg VttX 


Kino from- 


— 


Eucalyptus leucoxy] 


on. 




Eucalyptus viminalis. 


Moisture 


18-94 




7-083 


Salts 


1-32 






Tannin and catechin 


74-95 




92-667 


Gum 


2-74 






Ligneous detritus . . 


1-51 






Loss 


0-54 






Ash 


— 




0-250 


1 


100-00 


100 000 



Hartwich mentions the following points in connection 
with the differentiation of the eucalyptus kinos and principal 
Australian varieties generally : — 

(a) The kinos (ruby kinos) from the following species 

are completely soluble in water and alcohol: — 
13 
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Eucalyptus amygdalina, Lab. ; E, eugenioides, Sieber.; E. 
hcemastoma, Smith ; E. macrorhyiicha, F. v. M. ; E, pilulam, 
Smith ; E. piperita, Smith ; E, Sieberiana, F. v. M. ; E. stellulata, 
Sieber ; E. melliodora, E. Cuom. ; E. ohliqua, L'H^rit. 

(6) The kinos from the following species are only 
partly soluble in alcohol, the residue, consisting of gum, 
being almost completely soluble in water : — 

E. leucoxylon, F. v. M. ; E. paniculata, Sm. ; E. resinifera, 
Sm. ; E, rohusta, Sm. ; E, saligna, Sm.; E, siderophloia, Benth. 

(c) Those furnished by the following species give with 
alcohol a turbid solution, yellow or orange-brown in colour : — 

E. goniocalyx, F. v. M. ; E, hemiphloia, F. v. M. ; E, rostrata, 
Schl. ; E, punctata, DC. ; E. odorata, Behr. ; E. Guni% Hook ; E. 
Sttcartina, F. v. M. ; E, viminalis, Labill. ; E, terminalis, F. v. M. ; 
E. corymhosa, Sm. ; E, microcorys, F. v. M. ; E, maculata, Hook. 

in. African and West Indian (Jamaica) Kino. — 

According to Francis, both Jamaica kino and kino from 
Pterocarpus erinaceus furnish tinctures less stable and more 
readily gelatinising than Malabar kino. Thoms also 
examined a kino from F. erinaceus, and reports as follows : — 
" This is derived from Pterocarpus erinaceus, Poir., a tree 
denominated " Mninga " or " Mininga " in the Suaheli dialect. 
The sample consists of small, angular, friable lumps of a dark 
red colour, clear and transparent in thin fragments. It is 
completely soluble in four parts of hot water, furnishing 
a tart solution of acid reaction. The cold-prepared aqueous 
solution is turned violet by ferrous sulphate in presence of 
well water, or red by caustic soda. Lime water gives a brown 
precipitate, and the kino-tannic acid is converted into the 
characteristic kino red by prolonged boiling. Copious pre- 
cipitates are produced in the aqueous solution by a number 
of metallic salts. The drug is moderately soluble, to a red 
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solution, in alcohol. The residue left on incineration is 
a pure white ash (0*78 per cent.). Attempts to prepare 
crystalline chinoine from the small sample were unsuccessful. 
The examination shows that Kilossa kino presents all the 
physical and chemical characteristics of true kino. The low 
percentage (0*78) of ash (Fluckiger gives about 6 per cent.) 
in particular stamps it as a very good commercial grade." 

IV. Bengal (Butea^) Kino. — Two kinds are used in 
the producing districts. 

Fluckiger distinguishes — one variety consisting of flat 
lumps or rounded granules, dark red, almost black, in 
colour ; and a second, much lighter red, formed of stalactitic 
lumps. The former contains about fifty per cent, of a 
substance soluble in alcohol, the remainder being mucus, 
which in the second variety is so preponderant that the 
mass is almost completely soluble in water. When treated 
with caustic potash the kino is converted into a carmine 
jelly, and ferric chloride turns it green. 

According to A. Schmidt, Butea kino is less soluble in 
alcohol than Malabar kino. 

According to Schar, KS,t-Jadikai from Myristica Maldbarica 
differs but very slightly from Malabar kino ; it does, however, 
differ from this and other kinos by containing small 
quantities of crystalline calcium tartrate. 

BIBLIOGRAPHY. 

C. H. Breidenbach, A. d. Ph. 227, p. 523. — Caesar & Loretz, Commercial 
Rept., October 1899. — Francis, Ap Ztg., 1896, p. 783. — Heckel and Schlagden- 
haufen, Ap. Ztg., 1890, p. 600.— Kremel, A. d. Ph. 221, p. 542.— Maiden, 
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^ Kino from Butea frondosa must not be confounded with stick lac (see 
Shellac) from the same tree. 
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31. Labdanum. 

Resina Ladamim seu. Labdanum, 

Origin and Habitat. — Cistics Cypricus, C, Creticvs, G. 
ladaniferus (Cistineie). Cyprus, Crete, and Southern Europe 
generally. 

Chemical Constituents. — According to Guibourt, Cyprus 
labdanum in viassa contains resin, 86 per cent.; ethereal 
oil, 7 per cent. ; wax, earthy matters, and impurities, such 
as hair, 6 per cent. ; extractives, 1 per cent. The so-called 
labdanum in tortis (twist) contains 20 per cent, of resin, 
1*9 per cent, of wax, 0*6 per cent. of. malic acid, 3*6 per 
cent, of gum ; ferruginous sand, ethereal oil (together 739 
per cent.) (Pelletier). 

General Properties and Commercial Varieties. — 

Whereas, formerly, labdanum was largely used and highly 
appreciated as an agreeably scented resin rich in ethereal 
oil, the only kind now in the market is " Ladanum usu 
Candia," a Cretan product, which is very impure and 
mostly artificial. At one time a very quaint method was 
employed for collecting this resin, by driving flocks of 
sheep through the Cistiis shrubs, and gathering the resin 
that adhered to the wool. The hairs found by Guibourt 
(see above) had made their way into the resin in this 
manner. The grades in the French and German markets 
are very divergent in character, which implies that the 
perfectly pure article has vanished and been replaced by 
artificial products. 

Labdanum is in the form of dark brown or black, viscid 
masses, which soften in the fingers, and exhibit a grey 
fracture when freshly broken, but soon turning black. 
It is insoluble in water, but almost completely soluble 
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in alcohol. The odour, especially of the ethereal oil, is 
agreeable, like ambergris ; the flavour balsamic and biting. 

Labdanum in rods, such as was formerly met with in 
commerce, seems to have been a very impure kind derived 
from Gistus ladaniferus. 

Adulterants. — Artificial products made from colophony, 
sand, and plumbago. Labdanum was formerly used to 
adulterate storax. 

Analysis. — As already mentioned, labdanum at present 

enjoys only a very limited application, so that its analysis 

is relatively unimportant. Nevertheless, the values obtained 

by the author from different kinds, of French and German 

origin, may be recorded here, it being remarked that they 

refer to present day commercial varieties, and that no data 

on pure labdanum from earlier times are in existence. 

Hirschsohn, also, regarded as artificial the kinds examined 

by him in 1877. 

The author found — 

Acid Ester Sapon. 

Value, d. Value. Value, h. 

(S.-Z. d.). (E.-Z.). (V.-Z. h.). 

1. Lad. veritable (French com- / 90*37 116-10 206*47 

mercial grade) . . I 91*98 120*26 21224 

/ 98*05 102*06 200*11 

\ 98*36 109*88 208-24 

3. Res. Lad. vera (German com- j 54*08 167*87 221*95 

mercial grade) . . t 54*69 161*95 216*64 

/ 54*01 166*88 220*89 

I 51 *{ 



2. Do. do. 



4. Do. do. 



•85 168*39 220*24 



^ T A n A' ril3*81 87*88 201*69 

o. Ladanum usu Candia . . ,, . ^^ ^^ ^. ^^^ >^c^ 

1114*80 87*98 202*78 



6. Ladanum in pani (loaves) . \ 



14*06 47*64 61*70 

13*42 39*46 52*88 



Whereas the French and German grades show a fair 
degree of concordance, especially in the saponification value 
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the No. 6 was a very impure specimen, and the values 
accordingly come out very low. In general, as already 
stated, the existing commercial grades of labdanum all 
seem to be more or less artificial products. 

Gregor and Bamberger found the methoxyl value = 0. 
(For the worth of these values, see Ghem. Rev., 1898, No. 10.) 

BIBLIOGRAPHY. 

K. Dieterich, Ph. C, 1899, No. 30.— Gregor and Bamberger, Oest. Ch. Ztg., 
1898, No8. 8 and 9.— Hirschsohn, A. d. Ph. 211, p. 254. 



32. Mastic. 

Mastix, 

Origin and Habitat. — Pistacia lentiscus (Anacardiacese). 
Mediterranean littoral ; cultivated in Chios. 

Chemical Constituents. — Dextro-rotatory etheral oil 
(CjoHig), 2 per cent. (Fluckiger). Also various resins, 
particularly : a-resin (C40H64O4), mastic acid, and ^-resin = 
masticin (C4QH64O) (Johnston), and bitter principle. 

General Properties and Commercial Varieties. — 

Levantine mastic, the ordinary commercial variety, is in 
the form of rounded, pale yellow granules (tears) which are 
hard, with conchoid fracture, and soften when chewed (in 
which latter respect it diflfers from sandarach) ; it is almost 
entirely soluble in alcohol, ether, chloroform, benzol, carbon 
di-sulphide, and ethereal oils ; but the greater part is insoluble 
in petroleum ether. Pistacia terebinthina yields a balsam 
resembling mastic, and known as " Chios turpentine " (see 
Turpentine). 

Indian Bombay mastic — little dealt in — comes from 
Central Asiatic species of Pistacia (P. Gahulica and P, Khinjak). 
A substitute for mastic is found in " Gommart gum," from 
BuTsera gummifera, which should rather be classed with the 
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elemis {q.v.). The name " Gommart" comes from " Gommier" 
(gum tree) applied to this species of Biirsera, which is also 
termed "birch tree" in Jamaica,. and belongs to the so-called 
" incense trees " (see Incense). 

" American mastic," formerly so styled, comes from 
Schinus molle, a Mexican Anacardiacea (see Hartwich, die 
neiien Arzneidrogen, p. 303). 

Adulterants. — Sandarach, colophony (especially in powder), 
Mesina pini, sea salt. 

Analysis. — Mastic being readily confounded with san- 
darach, it is advisable, in the first place, to note their points of 
difiference, which will again be dealt with fully under Sandarach. 
This last named has a higher acid value (S.-Z. ind.), and 
breaks when chewed, whereas mastic softens. Furthermore, 
mastic is the more soluble in benzol, and in 60 per cent, 
chloral hydrate solution (in which sandarach is practically 
insoluble); both are soluble in 80 per cent, chloral hydrate. 
Ill oil of turpentine, mastic is readily and almost completely 
soluble, whereas sandarach is only partly soluble, and that, 
too, with difficulty. For the degree of solubility in epi- and 
dichlorhydrin, see Valenta's table in Part I. 

The following values relate to ordinary commercial Levan- 
tine varieties (Williams) : — 



I. 


II. 


Acid value, d. (S.-Z. d.) . . 50-04 


56-00 


Ester value (E.-Z.) . . . 23-00 


23-10 


Saponification value, h. (Y.-Z. h.) 73-04 


79-10 


Ash 0-21 % 


0-14 % 


Moisture 0-97% 


1-46% 



The acid, ester, and saponification values were deter- 
mined by the usual method. The last-named values, 
however, should be accepted with caution, since, according 
to the present state of our knowledge of the chemical com- 
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position of mastic, the ester-like constituents appear to be 
absent. 

Hirschsohn found — 





b.p. 40° C. 


60° 


c. 


SO^'C. 


Mastic 


. 50-96 % 


71-56 % 


75-86 % 


Do. 


. 51-89% 




- 




Do. 


. 38-49 % 




- 




Bombay mastic 


. 12-50% 




- 


12-45 % 


remel found — 






I. 


II. 


Acid value, d. (i 


3.-Z. d.) 


• 


61-8 


70-9 



by dissolving the substance in ether alcohol, and redissolving 
in water as soon as precipitation commenced. The ether 
and saponification values were not determined. 



von ociimiub tiiiu j^ruaii i^ 
Acid value, d. (S.-Z. d.) . 


JUUU 


• 


i^ue u 

• 


64-0 


Ester value (E.-Z. d.) . . . . 29-0 


Saponification value, h. (V.-Z. 1j.) . . 93*0 


Solubility in : — 


Alcohol ....... partial. 


Ether .... 


• 




• 


complete. 


Methyl alcohol 


t 






partial. 


Amyl alcohol . 






• 


complete. 


Benzol 








1' 


Petroleum ether 








insoluble. 


Acetone . 








. partial. 


Glacial acetic acid . 








' * ^ 


Chloroform 








)) 


Carbon di-sulphide . 








. .slight. 


Oil of turpentine 








. partial. 



Some kinds appear to be almost entirely insoluble in 
petroleum ether, whilst others are partially soluble therein. 
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E. Dieterich found the acid value, d. (S.-Z. d.)= 67*2 by 
tilie same method as Kremel. 

The author has found that back titration furnishes more 
ooncordant results than the direct method, in the case of 
rnastic, and that, moreover, the colour-change from red to 
yellow is more sharply defined than the converse change in 
the direct method ; the back titration method also dispenses 
with the necessity for dissolving the substance beforehand. 
For the reason already given, he did not attempt to deter- 
mine the ester and saponification values. The method adopted 
is as follows : — 

One grm. of mastic is suffused with 5 c.c. of benzine 
(sp. gr. 0*700) and 20 c.c. of alcoholic | potash, and left for 
twenty-four hours in a tightly closed glass-stoppered flask, 
the contents being then titrated back with ^ sulphuric acid 
and phenolphthalein, without any addition of water. 

The values obtained were- 



iicu were— 


Acid Value, indirect 






(S.-Z. 


ind.) 




I. 


11. 


III. 


lY. 


. 44-80 


46-20 


44-80 


47-60 


. 107-80 


109-20 


110-60 


113-40 


. 51-80 


53-20 


53-20 


53-20 


. 65-28 


65-99 






. 109-20 


109-20 


103-89 


103-89 


. 137-60 


139-89 






. 90-56 


90-26 







Mastic electa 
Mastic electa pulv. 
Mastic naturals 

Do. 
Mastic, Bombay 

Do. 
Mastic, Turkish 

The figures agree very well, and show, in the first place, 
that Indian (Bombay) mastic is distinguishable from ordinary 
Levantine mastic by its higher acid value, and also that the 
" pulvis " variety is apparently adulterated (probably with 
colophony) like nearly all commercial powdered resins (see 
remarks at end of Part I.). The acid values found by the 
other authors named also correspond fairly well with the 
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author's figures. Direct titration furnished somewhat lower 
values, viz. about 60-65. Preliminary experiments showed 
that while both aqueous and alcoholic alkali may be used 
with about the same result, alcoholic alkali alone is more 
practical and advisable for the detection of any added colo- 
phony, the addition of water during titration being also 
preferably avoided. Tested in the above manner, the Levan- 
tine (ordinary commercial) mastics give acid values between 
40 and 70, the Bombay kinds 100-140, whilst the Turkish 
variety is about midway between the two. 

Gregor tested the methoxyl value of mastic, and found 
the same = 0*0-1 '9. (For the worth of these values, see 
Ohem, Rev,, 1898, No. 10.) 

According to Mauch, mastic is partly soluble in both 
60 per cent, and 80 per cent, chloral hydrate solutions 
(see above, distinction from Sandarach). For the Storch- 
Morawski reaction for detecting colophony, see Colophony. 

BIBLIOGRAPHY. 
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I. D. Strassburg, 1898. — Von Schmidt and Erban, R. E.. vol. v. pp. 141 et seq. 
—Williams, Ph. C, 1889, pp. 150-151. 



33. Resina Pini. 

Fine Hesin, 

Origin and Habitat. — Various species of Fimcs: P. 
Pinaster, P. picea, P. si/lvestris, Larix Etiropcea, Europe. 

Chemical Constituents. — True pine resin contains oil 
of turpentine, dextro-pimaric acid (m.p. 211° C), and levo- 
pimaric acid (m.p. 150° C), CgoHgoOg, which crystallise well. 

Tschirch recently succeeded in isolating new " crystallisable 
resinol acids" (see under Turpentine, and also Ph. Ztg,, 
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1899, No. 77) by fractional separation from pure resins from 
Pinus piceUy P. sylvestris, and several other species of Pinus. 
In contrast to colophony " Kesina Pini " contains esters. 

Gallipot is a variety of pine resin, poor in oil, containing 
pimaric acid, but only a very little ethereal oil. 

Barras contains a great deal of impurities, in addition to 
the above constituents. 

The Redna Pini raffinata used in pharmacy (Terehinthina 
coda) is not the same as the above pine resin, but is a residue 
from the distillation of turpentine, and contains water. It 
differs from colophony in being — like the hydrated " Aloe 
hepatica'' — crystalline and hydrated, instead of anhydrous 
and amorphous. Anhydrides are found only as traces, if at 
all, the bulk consisting of hydrates of abietic and allied acids, 
and ethereal oil is practically non-existent in this variety. 

The exudation resin from Pinus Laricio has been 
subjected to a close chemical examination. Bamberger and 
Landsiedl found — 

a-Eesin, which is a mixture of abietic pinoresinol ester, 
with a smaller proportion of paracumaric pinoresinol ester ; 
also pinoresinol, Ci7Hi202(OH)2(OCH3)2, and ^-resin, which is 
an ester of pinoresinotannol, C8oH2804(0 0113)2(011)3. 

The exudation resin from Larix decidua (larch) has also 
been examined, and found to contain — 

Abietic acid and lariciresinol, Oi4Hio(OOH3)2(OH)3 (Bam- 
berger and Landsiedl). These authors have more recently 
determined the formula of lariciresinol to be Oi7Hi2(OOH3)2- 
(0H)4, two of the four free HO groups being phenolic, 
the others alcoholic in character. On boiling lariciresinol 
with acetyl chloride, a tetracetyl derivative, C]7Hi2(OCH3)2- 
(OCH3CO)4, melting at 160° C, was obtained ; and the action 
of acetic anhydride on potassium lariciresinol furnished the 
triacetyl product, Ci7Hi2(OCH8)2(OCH3CO)3, m.p. 92° C. Two 
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other derivatives of lariciresinol were also prepared, namely, 
the di-methyl ether, Ci7Hio(OCH3)XOH)2, and the di-ethyl 
ether, Ci-H,2(OCH3).,(OC2H5)2(OH)o. 

General Properties and Commercial Varieties.— 

Whereas the resins known as " Resina Pini " are hard, the 
ordinary turpentines {q^v.\ also obtained from species of 
pine, are of soft, balsamic consistence, though more nearly 
allied to the resins than to the balsams. 

Natural pine resin is a sticky, yellowish mass, smelling of 
turpentine, and mixed with impurities. 

Gallipot. — Resina Pini rajffinata (Terehinthina coda), 
Resitia alba, Fix alba, and Burgundy pitch are opaque, 
crystalline masses, with little or no ethereal oil, and of 
variable colour and water content. Both the last-named 
properties are dependent on the duration of exposure to 
heat, and on the melting temperature. Barron is only 
externally impure ; otherwise it resembles natural pine resin. 

The exudations at the margin between the blaze and 
the bark in black fir are covered with a peculiar resin to 
which the term exudation resin has been applied (see 
above), and which, though merely of theoretical interest, 
is worthy of mention. 

Adulterants. — Vegetable and mineral impurities, artificial 
products from colophony, oil of turpentine, and oil of worm- 
wood. 

Analysis. — In view of the divergent names applied to pine 
resins, especially gallipot, Resina Pini, Resina Pini rajffinata 
and depurata, and also of the fact that, in many countries, 
Resina Pini rajffinata and different intermediate kinds of 
pine resin are called gallipot, it cannot be surprising that 
the analytical data show only a relative degree of con- 
cordance. In addition comes the circumstance that the 
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percentage of ethereal oil plays a great part in influencing 
values, just as with the gum resins. Whereas colophony 
contains no esters, these bodies are present in all varieties 
of Resina Pini, and hence the existing ester and saponifi- 
cation values must be regarded as justified. 

A. Kremel found — 

Acid Value, d. (S.-Z. d.). 
I. Resina Pini .... 77*8 

II. Resina Pini depurata . . 102*6 

III. Pix burgundica . . . 142-2 

by the direct method, but did not examine the ester and 
saponification values. 

E. Dieterich found — 



Acid value, d. (S.-Z. d.) 


• • 


145-44 161-16 


Ester value (E.-Z.) 


• • 


9-95- 28-66 


Saponification value, h. (V. 


-Z. h.). 


157-16-188-96 


Loss at 100° C. . 


■ 


12*50 per cent. 


Ash .... 


• • 


1-0 


Solubility in— 






Alcohol (90 per cent.) . 




complete. 


Chloroform . 




» 


Acetic ether 




» 


Benzol 




>j 


Carbon di-sulphide 




>> 


Ether. 




almost complete. 


Oil of turpentine 




94-28 % soluble. 


Petroleum ether . 




84-95-97-60% sol 


The author found — 






Acid value, d. (S.-Z. d.) 


• • 


151-18-159-13 


Ester value (E.-Z.) 


• • 


12-03- 27-31 


Saponification value, b. (V. 


-Z. h.). 


163-23-179-94 


And later — 






Acid value, d. (S.-Z. d.) 


• • 


149-80-155-35 


EiStcr value (E.-Z.) 


« • 


12-64- 29-40 


Sanonification value, h. (V. 


-Z. h.) 


165*11-179*67 
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Together with the following acetyl values : — 

I Acid value (A.-S.-Z.) . . . 155-27-158 48 

Acetyl ^ Ester value (A.-K-Z.) . 64-38- 75-48 

' Saponification value (A.-V.-Z.) . 222 -86-230-75 

(For the worth of these values, see Chem, Bev., 1898, No. 10.) 

With the exception of Kremers figures the values agree 
very well, and show that this means is of no more use for 
differentiating the various kinds of Besina Pini than it is for 
the turpentines {q^v,). 

According to Maisch, artificial products, made of white 
pitch, oil of turpentine, and oil of wormwood, are met with in 
commerce. For the detection of pine resin and colophony in 
other resins by the Storch-Morawski reaction, see Colophony. 

BIBLIOGRAPHY. 

E. Dieterich, I D. d. H. A, p. 31. K. Dieterich, H. A., 1896, p. 101; 
1897, pp. 39 et seq. Chem. Rev., 1898, No. 10.— A. Kremel, N. z. P. d. A., 
1889.— Miller, A. d. Ph. 212, p. 551.— Morawski, Ph. C, 1889, p. 198. 



34. Sandarach. 

Resina Sandaraca, 

Origin and Habitat. — Callitris quadrivalvis (Coniferse). 
North- West Africa. (For the Australian sandarachs, see end 
of section.) 

Chemical Constituents. — Sandaracolic acid (C44Hg505- 
COOH), 85 per cent. ; callitrolic acid {Gq^B.^2^^ (OH) COOH), 
10 per cent.; ethereal oil and bitter principle, 2*84 per 
cent.; water, 0*56 per cent.; ash, 0*1 per cent.; impurities, 
1*5 per cent. (Balzer). 

Tschirch has recently succeeded in isolating new " crystal- 
lisable resinol acids " from sandarach by fractional separation 
with (NH4)2C03 and NagCOg. (Compare Dammar, and see 
also Ph. Ztg., 1899, No. 77.) 
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General Properties and Commercial Varieties. — 

Ordinary African (Morocco) Mogador sandarach is in the 
form of somewhat elongated, yellowish lumps, which are 
dusty on the outside, and break down into powder when 
chewed, instead of softening — thus differing from mastic. It 
is completely soluble in alcohol and ether, but only partially 
so in carbon di-sulphide, chloroform, oil of turpentine, and 
petroleum ether, and less so in benzol. Australian and 
Tasmanian sandarach (from other kinds of Callitris) and 
West Indian sandarach (which is of doubtful origin) are 
practically out of the market. This remark also applies 
to the so-called " German " sandarach, a granular resin 
occasionally found under the bark of the juniper. A few 
varieties of sandarach — e.g. Australian — are found as "soft 
copal " in commerce. 

Adulterants. — Mastic, colophony (especially in powder), 
Resina Pini, and dammar. 

Analysis. — African sandarach being the principal com- 
mercial variety, whereas Australian sandarach is only met 
with in isolated parcels, the analytical data of the former 
kind may well be given first. 

It may be premised that — as in the case of copal — the 
different age of the samples must be blamed for the divergent 
and often very contradictory results obtained. This applies 
to the percentage of solubility in alcohol, ether, benzol, or 
petroleum ether, as well as to the acid value and sp. gr. 

Williams found-r— 

I. II. 

Acid value, d. (S.-Z. d.) 154-0 145-6 

Ash . .. . . 1*88 per cent. 1*44 per cent. 
Moisture . . . 0-04 „ 0-17 „ 

The ester value was so low that Williams gave prominence 
to the large amount of free acid over the small quantity of 
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esters. The acid value was determined by the usual methc 
of direct titration. 

Von Schmidt and Erban found — 

Acid value d. (S.-Z. .1.) . . 140*0 (" usual" methoc 

Solubility in — 

Alcohol soluble. 

Ether 

Methyl alcohol . 
Amyl alcohol 
Benzol 

Petroleum ether 
Acetone . 
Glacial acetic acid 
Chloroform 
Carbon di-sulphide 
Oil of turpentine 



Fliickiger found solubility in- 
Pure absolute alcohol 
Ether 

Amyl alcohol 
Acetone 
Chloroform 
Ethereal oils 
Benzol 

Hager found — 
Sp. gr. 



partially soluble. 

soluble. 

almost insoluble. 1 

insoluble. 

soluble. 

partially soluble. 

almost insoluble, 
partially soluble. 



.completely soluble. 

partially soluble, 
insoluble.*-^ 



1-078-1 -088 



Kremel found (direct method) — 

Acid value, d. (S.-Z. il.) . . 144-20 

* See note on Fluckiger's observations. 

^ As found by von Schmidt and Erban, sandarach is only " almost insolulc 
in benzol, the author having found up to 40 per cent, soluble. (See "Adulten 
Sandarach" further on.) A specimen entirely insoluble in benzol is, accorc 
to existing experience, a rarity. 
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E. Dieterich found — 

Acid value, d. (S.-Z. d.) . . . 97-53-123-20 
Soluble in chloroform . . . 23*15 per cent. 

The ester and saponification values given by this author 
are omitted, sandarach being free from esters. 

Hirschsohn found — 

Soluble in petroleum ether . . 7'0-8'0 per cent. 

The author finds that the only way to ensure complete 
combination of the resin acids, in titrating sandarach, is by 
indirect titration. In this method it is unnecessary to 
dissolve the resin beforehand, the alkali acting as a solvent, 
as well as combining quantitatively with the resin acids ; 
moreover, the colour-change from red to yellow is much 
more accurately noticeable than is the case in direct 
titration. 

The author works as follows : — 

(a) Acid value, ind, (S.-Z. ind.). — One grm. of sandarach 
is suffused with 20 c.c. of alcoholic | potash and 50 
c.c. of benzine (sp. gr. 0*700), and left to stand for 
twenty-four hours in a tightly closed vessel, 'at the end 
of which time the contents are titrated back with \ 
sulphuric acid, without any addition of water. The volume 
(c.c.) of KHO combined, multiplied by 28*08, gives the acid 
value. 

(&) Ash determination, — Two grms. of sandarach are 
carefully incinerated, and calcined until found of constant 
weight after cooling in a desiccator. 

Preliminary experiments showed that alcoholic alkali used 

alone is far preferable to mixed alcoholic and aqueous potash, 

being simpler in practice even though there is but little 

difference in the resulting values. Moreover, direct titration 

gave lower and less concordant values, and a less precise 
14 
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colour-change at the end - point. Finally, the indirect 
titration method obviates the necessity for preparing a 
solution of the resin beforehand. 

The following values (in round numbers) were furnished 
by numerous specimens of African sandarach : — 

Mogador (Morocco) sandarach — 

Acid value, ind. (S.-Z. ind.) . . . 130-160 
Acid value, d. (S. Z. d.) . . . 90-110 

and the author would lay down the condition that a pure 
sandarach should be practically free from ash, in addition 
to giving the above acid values, direct and indirect. For 
the solubility of sandarach in epi- and di-chlorhydrin 
(Valenta), see table in Part I. 

With regard to the differentiation of sandarach from 
mastic, the higher acid value (ind.) of the former affords 
a means to this end ; moreover, sandarach pulverises when 
chewed, whereas mastic softens, and, again, the latter is the 
more soluble in benzol. Furthermore, according to Mauch, 
sandarach is practically insoluble in 60 per cent, chloral 
hydrate, in which mastic is partially soluble, both being 
soluble in the 80 per cent, solution of this reagent. Mastic 
is more readily soluble in oil of turpentine than sandarach. 
Adulteration with colophony or Eesina Pini forces the acid 
value (ind.) upwards, and considerably increases the percentage 
soluble in petroleum ether, whilst dammar, with its low acid 
value, depresses this constant. For the detection of colophony 
by the Storch-Morawski reaction, see Colophony. 

The author has reported as follows, on the examination 
of an adulterated sandarach : — 

" The adulterated specimen could not be distinguished 
in the slightest degree from pure sandarach by its outward 
appearance, so that buyers who — as is unfortunately the 
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general custom — purchase by the appearance alone, would 
not notice anything in the least degree remarkable about it. 
Also, the qualitative solubility in alcohol, ether, benzol, and 
petroleum ether did not, at first sight, appear abnormal. 
The quantitative examination, however, turned out altogether 
differently ; the adulterated specimen examined in this 
laboratory, by H. Mix, furnishing the subjoined interesting 
values : — 

1. Soluble in 60 per cent, chloral hydrate solution . 6 80 per cent. 

2. Insoluble in 60 per cent, chloral hydrate solution . 93*20 

3. Insoluble in petroleum ether . . . .6*89 

4. Soluble in petroleum ether .... 93*1 1 

5. Insoluble in benzol . . . . . .2*74 

6. Soluble in benzol 97*26 



7. Acid value, ind. (Dieterich method) 



173*98 
175*50 



" On the other hand, pure sandarach, according to Mauch, 
is practically insoluble in the above chloral hydrate solution 
(we found up to 4 per cent, soluble). In benzol, sandarach 
is almost insoluble, according to von Schmidt and Erban, or 
quite insoluble, according to Fluckiger ; but the author cannot 
confirm the great pharmacologist's results in this respect, 
having, like von Schmidt and Erban, found partial solubility 
— in fact up to more than 40 per cent, (see below). 

"According to Hirschsohn, the solubility of pure sandarach 
in petroleum ether does not exceed 8 per cent. The author's 
researches, so far, show the normal acid value to be about 
140, and the direct acid value in both pure and adulterated 
specimens is lower than by the indirect method. As colo- 
phony considerably raises the acid value, and is also much 
more soluble than sandarach in chloral hydrate, benzol, and 
petroleum ether, the above values given for adulterated 
sandarach clearly show that the specimen was an artificial 
product of sandarach and colophony. The adulterated 
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sample was also more readily soluble in alcohol than the 
pure drug. Haberl^ succeeded in isolating from the falsified 
product the characteristic resin acids of colophony. 

" It should be mentioned that, speaking generally, the 
adulteration had been so cleverly manipulated that only 
the above accurate quantitative testing was able to reveal 
the true nature of the product. 

" The discoveries of Haberl^, the appearance of the 
specimen, which agreed exactly with that of Mogador 
sandarach, and the circumstance that the goods were 
designated real sandarach, precluded the possibility of their 
being some other kind of sandarach of unknown origin. 
Australian sandarach was also excluded from possibility by the 
fact that its acid value — as the author was able to quickly 
show — is never so high as that of true sandarach." 

The more recent methods of examination have also been 
applied to sandarach, the author having, for example, deter- 
mined the acetyl values — 

[Acid value (A.-S.-Z.) . . . 166-03-169-83 

AcetyMEstervalue (A.-E.-Z.) . . . 73*59- 81-60 

ISaponification value (A.-V.-Z.) . 239-62-251 -43 

Kitt found the following carbonyl values : — 

C.-Z. = 0-43-0-74 

Gregor and Bamberger found the methoxyl value = 0, 
notwithstanding that Tschirch and Balzer have shown the 
presence of a methoxyl group in sandaracolic acid. 

(For the worth of these last-named determinations, see 
Chem, Rev,, 1898, No. 10.) 

In conclusion, the results obtained up to the present with 
Australian varieties of sandarach may be given (compare 
Maiden's valuable treatises cited in the Bibliography at foot). 
This authority gives the following particulars with regard to 
the origin, properties, etc., of Australian sandarachs : — 
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Callitris cupressiformiSy Vent. — This is found all over 
Australia, except in West Australia, and is one of the best 
known species. The resin is water-white, transparent, and 
clear ; on prolonged storage it assumes a slight coloration, 
without, however, losing any of its lustre. 

C, calcarata, E. Br. — Found from North Victoria to 
Central Queensland. The resin is pale yellow, and thickly 
coated with flowery dust. Is insoluble in water, but soluble 
to a small whitish residue in alcohol. Petroleum ether 
dissolves out 5 per cent, of a perfectly colourless transparent 
resin. A second very fine specimen, pale yellow in colour, 
and with an excellent aroma, was soluble in alcohol, except 
for 1*3 per cent, of residue, and furnished a pale yellow and 
perfectly clear solution. Petroleum ether took up 22'1 per 
cent. A third sample proved of quite different character. 
It had the consistence and general constitution of Manila 
elemi, but dififered from this substance by its flesh-tint colour 
and purely turpentine smell. The sample was the more 
remarkable from the fact that the same tree also yielded 
sandarach of the ordinary colour. 

C. columellaris, F. v. M. — New South Wales and Queens- 
land. The resin is rather pale; alcohol dissolves 95*4 per 
cent, to a pale yellow solution; petroleum ether, 35*8 per 
cent, to a clear, cplourless liquid. This high solubility, as 
compared with all other kinds of sandarach, in petroleum 
ether is specially noteworthy. 

C, verrucosa, E. Br. — Botanical Garden, Sydney. Very 
dark resin, soluble to the extent of 97*5 per cent, in alcohol, 
and 22*8 per cent, in petroleum ether. The same variety was 
formerly reported on by Morel, and consisted of pale yellow 
tears, thicker and longer than ordinary sandarach, covered 
with white dust, and of agreeably aromatic odour, with bitter 
aromatic taste. 
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Supplementing the labours of Maiden, Clarke stated that 
Mogador {i,e. African) sandarach is better and purer than 
Australian. This may be the reason why the latter has 
not made its way. 

In addition to the foregoing general properties and 
solubilities, the following analytical data on Australian 
sandarach have been published by the author. The acid 
values alone were determined, the indirect method, already 
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Acid Value, ind. 




(S.-Z. ind.). 


an sandarach . 


139-00 139-00 


Do. fine selected 


129-87 130-57 


Do. seconds 


144-61 144-61 


Do. ordinary 


155-84 157-28 



According to these figures, the acid values of the best 
Australian sandarachs are not so high as those of the African 
product ; nevertheless, great similarity exists between the 
two kinds. 

For Asia Minor sandarach the author found — 

Acid value, ind. (S.-Z. ind.) . . 179-01-179-71 

The pure resin acids from African sandarach gave the 
acid values, ind., 141-10 and 141-10, which agree with 
the average furnished by natural sandarach. 
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35. Scammonium. 

Resina Scammonium} 

Origin and Habitat. — Convolvulus Scammonia, L (Con- 
volvulaceae). Aleppo, Smyrna. 

Chemical Constituents. — Since both the Aleppo and 
Smyrna varieties are very impure, the product (Eesina 
scammonium) artificially prepared from the roots is gen- 
erally vended and used. 

The chief constituent is Scammonin C34H56O16, which, 
according to Spirgatis, is identical with Jalapin = Orizabin. 

General Properties and Commercial Varieties. — 
Aleppo scammonium, or " usu Aleppo," is in the form of 
light, opaque, rough lumps, with edges more or less sharp, 
and of a greenish ashy grey colour. The fracture shows 
a faint waxy lustre, not greasy ; the flavour is very dis- 
agreeably irritant ; the resin forms an emulsion with water. 

Scammonium "in tears," a very pure variety, is no 
longer in the market. 

Smyrna scammonium forms dense, heavy lumps and 
cakes, of a dark, almost black, colour, and wax-lustrous 
fracture; the resin does not emulsify in water. Aleppo 
scammonium if pure (see below) is more valuable than 
the Smyrna variety. 

French scammonium, from Cynanchum acutum, is no 
longer met with in commerce. 

All varieties of scammonium, particularly that from 
Aleppo, being very impure, the natural resin is generally 
replaced, for pharmaceutical purposes, by " Eesina scam- 
monium," prepared from the root of Convolvulus Scammonia. 
It takes the form of lumps or sticks, dull on the outside 

* More precisely speaking, the Aleppo Scammonium should be called 
*' juice," and that recovered from the root, ** resin." 
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but lustrous on the surfaces of fracture; is soluble in 
alcohol, and has an aromatic odour. 

With regard to the resin from Convtdvtdus althceoides, 
see Eesina Jalapa. 

Adulterants. — Artificial products, from chalk, resin, 
colouring matters, and extractives, containing up to 50 
per cent, of mineral substances. 

Analysis. — Aleppo scammonium is a resin that has 
always been subjected to more adulteration than probably any 
other known kind ; for which reason it has had to be 
replaced in pharmacy by the resin obtained from the 
roots aforesaid. The following communication made by 
Thompson may be cited to show the almost unexampled 
adulteration practised on scammonium. An alleged scam- 
monium received by this authority exhibited little claim 
to be considered pure, even under external examination. 
]N"evertheless it was labelled, "Scammonium containing 84 
per cent, of scammonin," the formula CgaHggOig being 
appended. The specimen, which is said to have come 
from a German firm of drug merchants, consisted of 
irregular, greenish black, hard, horny lumps, with a resinous 
fracture, and difficult to pulverise, and contained — 

Soluble in ether . 

Soluble in alcohol 

Soluble in water . 

Starch, and a little cellular matter 

Moisture .... 

On combustion there remained 2*12 per cent, of ash 
(43 '6 per cent, of which was soluble in water) containing 
K, Mg, Ca, Fe, and Si in the form of carbonates 
and sulphates, together with a trace of chlorides. The 
portion soluble in water was nothing but gum arabic, the 
insoluble consisting of starch and a little cellular substance. 
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H. Greenish also reports on the multifarious adulterations 
of Aleppo scammonium with starch, wood ashes, soil, gum, 
tragacanth, powdered roots, etc. Eebner examined five com- 
mercial varieties of " Eesina," and found one of them to be 
entirely soluble in ether, the solubility of the others being 
26, 40, 78, and 79 per cent, respectively. Three of them 
contained starch. 
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2*2% of moisture. 


II. 
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III. 




*5 


M04-M10 


>> 


4-0% 


IV. 




J' 


1-120 


! J 


5-4% 


V. 




)5 


M60 


5» 


4-3% 



He recommended the root resin purified with bone black, 
and rightly required that this resin should be perfectly 
soluble in cold alcohol. According to Moeller, Aleppo scam- 
monium should not contain over 8 per cent, of ash — a 
condition fulfilled by few of the highly adulterated samples 
now current. The concensus of experience is in favour of 
the introduction of the resin prepared from roots, to replace 
the very bad and impure Aleppo scammonium. 

The root extract is prepared by exhausting the powdered 
root with strong alcohol, the product being purified with 
charcoal if required. According to E. Dieterich, the yield 
obtained is about 10 per cent. Doensch published a report 
on the Resina scammonium extracted from root, and found 
that the, root yielded a little over 5 per cent, of (repeatedly 
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purified) resin. On the other hand, three commercial samples 
behaved differently, and furnished an ash which was not 
perfectly soluble in dilute hydrochloric acid. The acid 
solutions contained lime in some cases, magnesia in others. 
The low degree of purity of the commercial products is 
probably the cause of the difference in the behaviour of 
the ash, etc., in comparison with the pure scammonium pre- 
pared in the laboratory. In any case, the commercial 
" Resina " prepared from root is of much greater purity than 
Aleppo scammonium. 

Isolated instances of acid value (direct), ester value, and 
saponification value determinations are to be found in the 
literature of the subject. 

Kremel found (by the usual method) — 





Aleppo 


" Resina " 




Scammonium. 


Scammonium. 


Acid value, d. (S.-Z. d.) 


8-2 


14-6 


Ester value (E.-Z.) 


. 172-0 


171-0 


Sapon. value, h. (V.-Z. b.) 


. 180-2 


185-6 



From these figures it would seem that Kremel had a 
very pure specimen of Aleppo scammonium, since the values 
are almost the same as those from the extracted resin. 

E. Dieterich determined only the iodine value; Gregor 
and Bamberger the mexthoxyl value, which they found = 0. 
(On the worth of these values, see Chem, Bcv., 1898, No. 
10.) 

The alcoholic root extract (commercial " Resina scam- 
monium ") should, in the first place, be soluble in alcohol 
without leaving any appreciable residue, and should not 
contain any notable proportion of ash. Aleppo scammonium 
is often used, instead of root, for preparing " Resina," by a 
method of purification with alcohol and charcoal. From 
the point of view of the purity of the final product, this 
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method cannot be recommended, the alcohol extracting the 
foreign resins (colophony, etc.) pre-existing in . the Aleppo 
scammonium, which are therefore conveyed into the purified 
product, — an occurrence that is, of course, impossible in the 
case of the root. In view of the drastic action of scam- 
monium, a maximum degree of purity is necessary in the 
" Eesina," and the requirements should be made correspond- 
ingly stringent. Hooper believes that the variable per- 
centage of resin in the roots is attributable to the condition of 
the soil, especially with regard to the percentage of phosphates. 

For the detection of colophony in scammonium by the 
Storch-Morawski reaction, see under Colophony. 

An instance of gross adulteration of scammonium is 
reported in the Ap. Ztg., 1899, N"o. 47. 

A sample tested on account of its suspicious appearance 
— it exhibited peculiar small cavities, interspersed with tiny 
grey and blackish blue metallic-looking crystalline spangles 
— was found, on extraction with ether, to contain 41*3 per 
cent, of resins, whereas good commercial specimens should 
exhibit 75-80 per cent. The ash content was 16 '6 per 
cent., against 3-8 per cent, (highest) in good scammonium. 
The residue, insoluble in ether, contained a large proportion 
of starch ; and a considerable amount of lead sulphide was 
also detected. {Petit Moniteur de la Plmrmacie, 1899, 
p. 3208.) 

This dangerous adulteration recalls the equally dangerous 
artificial coloration of shellac with arsenic sulphide {see 
Shellac). 
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36. Shellac. 

Resina Lacca, 

Origin and Habitat. — Product of the lac insect, Coccus 
Lacca Keor, on — Croton laxxifervm, or Bihar tree (Euphorbi- 
aceae); Ficus religiosa, or Pepel tree (Artocarpeae) ; Butea 
frondosa^ and varieties of Butea (Papilionacese) ; and on 
CJienopodium antliclminticum (stinking weed). Ceylon, 
Antilles, Farther India. 

Chemical Constituents. — Wax, 6 per cent.; laccin 
pigment, 6*5 per cent., with laccinic acid (Ci6Hi20)8; pure 
resin, 74*5 per cent., of which 35 per cent, is soluble in 
ether and contains scent, a portion of the resinous substance, 
and erjthrolaccin. The remaining 65 per cent, of the pure 
resin is insoluble in ether, and contains the resinotannol 
ester of aleuritic acid. (The formula of this acid is C13H26O4.) 
The instability of the resinotannol has hitherto rendered a 
close investigation impossible. The impurities comprise sand, 
fragments of wood, etc., 9*5 per cent. ; water, 3*5 per cent. 
(Farner). 

General Properties and Commercial Varieties. — The 
stick lac is deprived of its pigmentary matter, which then 
comes into commerce as " lac dye." The resinous residue 
is vended as Lacca in tdbulis (plates) or Lacca in granis 
(granular), according to the colour. The perfectly white 
bleached lac is met with in commerce as Lacca alba, in 
the form of twisted sticks, and is the purest, most valuable, 
and most free from colouring matter. The colour of the 
foregoing grades varies between white and dark reddish 
brown. As is well known, shellac is largely used in varnish- 
making. 

^ This gum lac, from Butea, should not be confounded with Bengal kino 
{q.v.) ; also from Butea frondoaa, which resin is obtained from the tree trunk. 
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The so-called " Arizona shellac " or " Sonora gum " comes 
from Lairea Meadcana (Zjgophyllese). On the other hand, 
according to Hartwich, Mimosa laccifera furnishes a " Sonora 
gum," produced as a granular lac by the insect Carteria 
Mexicana. 

Adulterants. — Colophony, aloe resin, arsenic sulphide, 
orpiment (?). 

Analysis. — Colophony, and other cheap resins (as also 
aloe resin), being used to adulterate shellac, particular 
attention has been devoted to the solubility of shellac in 
alcohol, petroleum ether, and ether. 

Hirschsohn tested the solubility of numerous specimens 
in petroleum spirit, cold and hot, and obtained the following 
results : — 



Per cent, soluble — 
Dried at 17'' C. at 120'' C. 



1 . Lacca in baculis 



2. 


Do. 


do. 


3. 


Do. 


do. 


4. 


Do. 


in massis 


5. 


Do. 


do. 


6. 


Do. 


do. 


7. 


Do 


do. 


8. 


Do. 


in tabulis 


9. 


Do. 


do. 


10. 


Do. 


do. 


11. 


Do. 


do. 



14-01 


5-52 


13-23 


6-31 


14-25 


4-84 


3-37 


1-27 


3-60 


2-07 


2-80 


1-90 


3-00 


1-86 


1-22 


0-40 


1-30 


0-70 


1-80 


1-30 


1-20 


0-80 



Oberdorflfer first drew attention to the adulteration of 
shellac with colophony, and recommended the sp. gr. and 
solubility in ether as a test for this admixture (pure shellac 
with 25 per cent, of colophony gives the sp. gr. 1-120). 
The natural wax, of which shellac contains up to about 
5 per cent., passes into the ether, a larger percentage of 
soluble matter indicating colophony. In this connection 
it should be observed that the percentage of wax fluctuates 
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considerably. Oberdorffer found 5 per cent., Farner 6 
per cent. ; Benedikt and Ulzer found only 0*5 to 1 per 
cent, for the wax recovered by means of sodium carbonate; 
finally, Gascard also obtained 6 per cent, of resin. The 
specimens examined by the last named and Farner would, 
according to Oberdorfifer's views, be regarded as adulterated 
with colophony ! 

Other adulterants are aloe resin, and, according to 
Mackey, artificial coloration with orpiment, yellow arsenic 
sulphide, is also practised. These last-named substances 
remain behind when the substance is treated with alcohol. 
Colophony should also be detected by the aid of petroleum 
ether, which dissolves only three per cent, of pure shellac, 
whereas colophony is in some cases entirely soluble, in 
others only to the extent of about one-half. According to 
the foregoing data by Hirschsohn, the limit of 3 per cent, 
does not appear to be tenable, since he found 14 per cent, 
of substances (dried at 17° C.) soluble in petroleum 
ether. 

In any event, these reports are all so uncertain that 
we can only agree with the following opinion expressed 
by Klar — so far as concerns the solubility of shellac : — 

Klar says : " In the literature of the subject it is 
generally prescribed that bleached shellac should not exhibit 
more than 5 per cent, soluble in ether (colophony test). The 
author has also determined the acid and ester values, and 
found that the wax content exercises a considerable influence 
on the ethereal extraction value, which, however, as well 
as the acid and ester value, is apparently of little importance, 
the values furnished by commercial specimens being so 
divergent. At present there is no certain, and at the 
same time simple, method for detecting adulteration in 
bleached shellac. Its solubility in 96 per cent, alcohol 
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may be influenced partly by the presence of wax, partly 
by o.verbleaching, and partly by alterations due to the 
action of atmospheric air, since, unless stored under water, 
shellac gradually loses its solubility in alcohol under the 
influence of the air. None of the attempted filtration or 
clarification experiments have been successful. Should the 
bleached shellac — and a small addition of wax would do 
no harm for polishing purposes — not give a clear solution, 
Klar recommends a slight addition of zinc oxide, which 
forms a compact substance with the waxy matters if. the 
mixture be left to stand in the warm, whereby one is 
enabled in a short time to pour off" a clear liquid, though 
a by no means minute percentage of shellac is also thrown 
down.'' 

As regards the acid, ester, and saponification values 
mentioned by Klar, various figures are met with for these 
in the literature of the subject. 

Williams found (usual method) — 

. , Tt^ . . Acid Ester Sapon. 

SheUac. ^^} ^^'f'^ Val.,d. Val. Val , h. 

^° /° (S.-Z. d.). (E.-Z.). (V.-Z. b.). 

1-06 0-28 63-00 140-03 203-03 

0-72 0-37 56-00 156-60 212-60 

1-23 0-31 64-00 142-00 206-00 

0-88 0-42 47-60 163-10 210-70 

1-01 ' '0-63 ' 56-00 155-40 211-40 

1-41 0-94 57-40 136-70 194-10 



Medium button 
Garnet 
Fine orange . 
Good 2nd orange 
Fair do. 
Inferior do. 



Kremel found by the same method — 

«, ,, Acid Val., d. Ester Val. Sap. Val., b. 

j^neiiac. ^^ ^ ^ ^ ^^ ^^ ^^ ^ ^^^^ 

White . . . . . 73-7 102-8 176-5 

Yellow. .... 63-5 50-2 113-7 

Lacca in granis (Ale. dep.) . — — 174-8 



224 



ANALYSIS OF RESINS 



Von Schmidt and Erban found- 






Shellac. S.-Z. d. 


E.-Z. 


V.-Z. h. 


Brown . 65*1 


148-2 


213-3 


Orange . . 60*0 


151-6 


211-6 


Solubility in — 






Alcohol 




soluble. 


Ether .... 






insoluble. 


Methyl alcohol 






soluble. 


Amyl alcohol . 






99 


Benzol . 






almost insoluble. 


Petrolenm ether 






insoluble. 


Acetone 






almost insoluble. 


Glacial acetic acid . 






soluble. 


Chloroform . 






partly soluble. 


Carbon di-sulphide . 






insoluble. 


Oil of turpentine 






almost insoluble. 



The solubility in ether and petroleum ether should, 
according to other authorities, be more correctly classed as 
" slightly soluble." According to Mauch, both " Lacca in 
tabulis" and " Lacca depurata in bacillis" are soluble in 80 
per cent, chloral hydrate, in which they first swell up. 

The above acid, ester, and saponification values fluctuate 
within comparatively narrow limits ; and one may hope — 
against the opinion of Klar — that these characteristics may 
afford a means of detecting adulteration. A thorough in- 
vestigation of this matter would be a task as thankworthy as 
it is desirable. 

On the solubility of bleached shellac in epi- and di- 
chlorhydrin (Valenta), see table in Part I. 
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37. Storax. 

Balsamum Styracis (officinal in Germ. Pharm. III.). 

Origin and Habitat. — Liquidaniber orientalis, M. 
(Hamamelidese). Asia Minor. 

Chemical Constituents. — Styrol (C6H5.CH = CHg), Cin- 
namic acid (C6H5.C.H.CH.COOH), Styracin = Cinnaiiiic 
cinnamester (C9H7O2.C9H9), Cinnamic phenylpropyl ester 
(C,H5.CH = CHCOOCHaCHCeHs), Cinnamic ethyl ester 
(C9H7O2.C2H5), vanillin (K. Dieterich), ethyl vanillin (von 
Miller), a- and yS-storesin (C35H55(OH)3), amorphous resin, 
traces of benzoic acid, and cinnamic storesin ester (von 
Miller). 

American storax from Liquidamher styracijlua contains 
styrol, styracin, oxygenous oil, cinnamic phenylpropyl ester, 
and storesin (von Miller). 

General Properties and Commercial Varieties. — 

Ordinary storax, from Asia Minor, is a turbid, hydrated, 

viscid, sticky, grey balsam, of spicy, irritant flavour, and with 

an odour like benzoin. It is partly soluble in benzol and 

petroleum ether, and almost completely so in ether and 

alcohol. Under the microscope it exhibits crystals. Formerly 

the name Storax was also applied to the resin from Styrax 

officinalis, for which reason this tree is still often — though 

erroneously — classed as a storax producer (see below, under 

S. ccUamitus), " Purified storax " (by treatment with 

ether) is turbid, thickish, sometimes crystalline, light brown ; 

that purified with benzol, benzine, or alcohol is of a faint 

dark brown colour apd thick consistence. A so-called 

strained ("koliert") storax is a crude product, freed 

from the coarser impurities and water, and is intermediate 

between the quite crude and the purified article. 

A Styrax cum oleo olivarum is used as another solution 
15 
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or emulsion in pharmacy for convenience in dispensing, and 
is favoured by the medical profession as being easy to 
triturate and manipulate for use in cases of itch, etc. 

American storax is known in America as " sweet gum," and 
comes from Liquidamher styracijliui ; it is mostly used for 
chewing. According to Guibourt, this balsam is identical 
with (white) Peruvian balsam (q.v.). A storax balsam 
which, however, is used solely in the country as a remedy 
for Psoriasis, is derived from Microstemon (Anacardiace^). 
The residual expressed bark left from the preparation of 
storax is used as a fumigant, under the name Styrax 
cMamitus\ and a mixture of storax and sawdust is also 
sold under the same title, as was also formerly the case 
with the resin from S. officinalis for the same purpose. 

The origin, derivation, and pharmacognosis of the 
varieties of storax have been described by Moeller {Ap. 
Ztfj., 1894, p. 752 ; 1896, p. 207 ; 1897, p. 596). 

Adulterants. — Turpentine, colophony, castor oil, olive oil, 
and fatty oils in general, vegetable impurities, and water. At 
one time labdanum also was used to adulterate storax. 

Analysis. — A good many investigations have been under- 
taken on storax, particularly with regard to its purification 
and the preparation of a uniform product suitable for 
medicino-pharmaceutical purposes. The irregularity and 
adulteration of storax have also been referred to on various 
sides ; occasionally it would seem that artificial products 
alone are found in commerce. Eecently the author examined 
authentically pure specimens of storax taken direct from the 
parent tree, and laid the first foundations of the scientific 
testing and valuation of this product. As in the case of 
Peruvian balsam, these researches showed that the commercial 
varieties — a large number of which were examined — were 
quite different in composition to the pure natural drug. This 
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— which was also referred to. by earlier authorities, such as 
Mylius, Gehe & Co., and others — seems still, to be the 
case, and, apparently, perfectly pure commercial storax is 
practically non-existent. 

The various kinds and forms of storax will now be dealt 
with in detail seriatim, 

I. Crude Storax {Styrax liquidus crudus). — The 
numerous examinations made for acid, ester, saponifica- 
tion, and iodine values, and the results obtained, are of 
merely relative worth in the valuation of storax, because for 
the most part the determinations were made with alcoholic 
extracts, and not with the natural storax. The disadvantages 
of using only portions of a drug, instead of the crude product, 
have already been fully dealt with in these pages, and there- 
fore need only be mentioned here. It is not clear from the 
reports of Kremel, Beckurts and Bruche what methods these 
authors employed, and we must therefore leave it an open 
question whether they worked with an extract, the crude 
product, or some other form. At all events, E. Dieterich, 
Evers, and others used extracts. The present author has 
recently worked out a method which is suitable for direct 
application to crude storax, and therefore enables reliable 
conclusions to be formed with regard to the natural drug. 

Just as attention was directed by Gehe & Co., Mylius, and 
others to the existence of adulteration, so various proposals 
have been made for detecting the same. Thus, E. Dieterich 
proposed to employ the acid value (direct) for this purpose, 
seeing that turpentine (ordinary, not Venice, turpentine) and 
colophony give higher acid values than storax. Similarly, 
Beckurts and Bruche advocated the ether, saponification, and 
iodine values for detecting adulteration ; and Evers believed 
that the iodine value, and sp. gr. in particular, were worthy 
of recommendation. 
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Hirschsohn examined several samples for the amounts 

(dried at 17** and 120° C.) taken up by petroleum ether,.and 

found — 

Per cent, soluble — 
Dried at 17° C. at 120' G 

(1) 59-12 52-09 

(2) 43-30 32-82 

(3) 54-76 47-98 

After being heated to 120* C. the residues were colourless, 
almost inodorous, oily, sometimes setting to a crystalline mass. 

According to Hager, the adulteration of storax with 
turpentine can be detected by petroleum ether. 

A. Kremel found — 

Acid value, . (S.d-Z. d.) . 47*6 

Ester value (E.-Z.) 31 9 

Saponification value, h. (V.-Z. h.) . 79*5 

by the usual method. 

Von Schmidt and Erban found — 

Acid value, d. (S.-Z. d.) . . . 179*5 

Ester value (E.-Z.) 688 

Saponification value, h. (V.-Z. h.) 198*3 

bv the same method as Kremel. 

Solubility in — 



partly soluble. 



Alcohol . . 

Ether ... 

Methyl alcohol ., 

Amyl ... 

Benzol ... „ 

Oil of turpentine . 

K Dieterich found — 
W*th [^^^^ value, d. (S.-Z. d.) . 

extiact|^*®'^*^^®(^-^) * 

I Saponification value, h. (V.-Z. h.) 

Ash 

Loss at 100^ C. . . . 



Petroleum ether . 
Acetone . . . 
Glacial acetic acid 
Chloroform . . 
Car. di-sulphide . 



insoluble, 
partly sol 



?> 



>» 



sli^tly sol 



partly soluble. 

3719^ 96*65 

74-60-168-00 

134*60-249-00 

0*07- 1-20 per cent 
10*2^ 40-15 
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Solubility in — 

Alcohol (90 per cent.) 

Acetic ether 

Chloroform 

Ether 

Benzol 

Oil of turpentine 

Carbon di-sulphide 

Petroleum ether 



56 -14-84 -00 per cent. 

69 -40-73 -60 

69-20-72-60 

65-80-82-80 

64-80-74-80 

54-40-57-80 

62-30-67-80 

15-00-19-40 



>» 



>> 



>» 



J5 



n 



)j 



>j 



The acid, ester, and saponification values were deter- 
mined from an alcoholic solution of the alcoholic extract, by 
the same method as employed by Kremel. 

Beckurts and Bruche found — 



No. 

1. 
2. 
3. 
4. 

5. 
6. 



Sp. gr. 

-116 
•121 
-113 
-113 
-120 
•118 



1 
1 
1 
1 
1 
1 



Solubility in own Acid Val., d. Ester Val. Sap. Val., h. 
vol. of Alcohol. (S.-Z. d.). (E.-Z.). (V.-Z. h.). 

80 



61 per cent. 

72 

62 

66 

71 

64 



>» 



jj 



>> 



ij 



)> 



91 
68 
69 
75 
93 



113 
120 
112 
153 
130 
115 



193 
214 
180 
222 
205 
208 



The acid, ester, and saponification values were found 
by the usual method, but it is not clear whether the 
unfiltered solution (i.e. the crude product) or the alcoholic 
solution of an extract was used. 

The author has obtained the following figures, the 
constants being furnished by the extract : — 

I. II. 

19*43 per cent. 24-05 per cent. 

0-35 „ 0-71 

77-43 „ 73-87 

4-23 „ 3-36 



Loss at 110' C. 

Ash 

Soluble in alcohol 

Insoluble 



j> 



>» 



From the 
extract 



'Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) . 
Saponification value, h. 
(V.-Z. h.) 



57-51 57-90 59-29 59*41 
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Evers says- 



"The directions of the (German) Pharmacopoeia are 
altogether insufficient, and a storax adulterated with 10-20 
per cent, of turpentine will pass the Pharmacopoeia test 
completely. The estimation of the sp. gr. — especially at 
100° C, in a manner similar to that of E. Konig for testing 
butter fat — is of the greatest value for detecting adulteration ; 
all extraneous admixtures, such as turpentine, colophony, fats, 
and oils, reducing the sp. gr. The test should be performed 
with purified storax, which has been heated in a water oven 
(at 100° C.) for about three hours, in order to drive off any 
remaining alcohol^ The sp. gr. reading is not taken until 
the storax has attained the temperature of 100° throughout 
the entire mass. To facilitate this, it is advisable to carefully 
raise and lower the spindle — which is set at 100° C, and 
provided with a scale for sp. grs. between 1*095 and 1*120 
— several times in the storax. The sp. gr. of purified storax 
is 11 09- 1-114; that of the crude product, merely deprived 
of water and clarified by subsidence in the warm, being 
somewhat higher. An addition of 10 per cent, of turpentine 
reduces the sp. gr. considerably. Purified storax, showing 
a sp. gr. of less than 1'107 at 100° C, should be regarded 
with suspicion at least; and if the sp. gr. be lower than 
1*104, the goods should be rejected as adulterated." 

In this connection, it may be remarked that these values 
do not agree at all well with those formed by Beckurts and 
Brtiche. The examination of a large number of commercial 
varieties would indicate that no reliable conclusions can be 
based on the sp. gr. of storax as a guide to purity, in 
view of the original percentage of water in the substance 
or the saline content of that water. 

^ What becomes of the volatile constituents ? Can the final product still be 
regarded as storax ? K. D. 
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Evers carried out further researches, and recommended 
the iodine value for detecting adulteration. For purified 
dehydrated storax he found — 



From 
extract 



Sp. gr. . 


M19 


1-117 


1-119 


1-120 


Acid value, d.(S.-Z.d.) 


52-2 


56-7 






Ester value (E.-Z.) . 


184-2 


173-5 






Saponification value, 










h. (V.-Z. h.) 


236-4 


230-2 







On this point the author has already expressed himself 
as follows : — 

" Evers has recently spoken in favour of the iodine value 
determination for storax. However, as he did not succeed in 
detecting adulterations by the iodine value, only moderate 
importance can be attached to this constant, since the acid 
and saponification values suffice for identification. As Evers 
admits, the titration in the iodine value estimation for storax 
is occasionally very difficult, owing to the formation of dark 
precipitates, which ball together and occlude iodine. 

" Moreover, Evers only examined two adulterated specimens 
(containing castor oil and turpentine), whereas other adultera- 
tions, such as with benzol, Tolu balsam, colophony, resin 
oils, etc., ought also to be tested. The advocated iodine 
value, however, as the figures show, did not prove suitable 
for detecting the aforesaid adulterations ; and, as a means 
of identification, is hardly necessary, being replaced by the 
acid, ester, and saponification values. 

" It must also be admitted that, when an alcoholic extract 
is used, the liquids obtained in testing, not only for the 
iodine value, but also for the acid, ester, and saponification 
values, are very difficult to titrate, and, above all, prevent 
the accurate detection of the colour-change." 

In order to obtain values which shall correspond in 
all cases to the unaltered drug, and afiford a basis for 
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valuing the commercial product, the author recently examined 
some perfectly pure specimens of storax — authentic, and 
taken direct from the parent tree, — various samples of 
the commercial product being also tested for the sake of 
comparison. 

The method worked out by the author has mainly in 
view the employment of an unfiltered alcoholic solution of 
crude storax, instead of the extracts used hitherto, and the 
production of a light coloured, easily titrated saponification 
liquid by the cold process. The method was based on the 
results of numerous preliminary experiments, which need not 
be detailed here. 

The following results were obtained in the comparative 
experiments between the crude products and the extract : — 

I. The unaltered drug — 

Acid value, d. (S.-Z. d.) . . 49-045 50-053 

Saponification value, cold (V.-Z. k.) 156-726 157-460 

II. Alcoholic extract. — The values refer to 1 grm. of 
extract, not 1 grm. of crude product — 

Acid value, d. (S.-Z. d.) . . 55*040 56-297 

Saponification value, cold (V.-Z. k.) 194-300 194-565 

III. Alcoholic extract. — The values refer to 1 grm. of 
crude product — 

Acid value, d. (S.-Z. d.) . . 40-208 40-873 

Saponification value, cold (V.-Z. k.) 141-913 142-122 

From these experiments it is evident that — 
{a) The values obtained from, and calculated to, extract 
are much higher than those from the crude product, since 
they correspond to more than 1 grm. of the initial material. 
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The values so obtained, therefore, cannot be considered 
as on a par with the saponification values of the crude 
product, or serve as a criterion for the latter. 

(b) The values obtained with the extract, and then 
calculated to 1 grm. of crude product, are much lower than 
those from the crude drug itself, owing to the loss of volatile 
matter during the preparation of the extract. 

(c) As a general rule, none of the values furnished by 
the extract agree with those yielded by the crude drug, nor 
can they serve as a basis for conclusions upon the latter ; 
indeed, the figures obtained from the crude product are 
alone suitable as a guide to the valuation of same. 

The author's method is as follows : — 

(a) Loss at 100° (7. — Two grms. of storax are dried at 
100° C. in the oven until of constant weight. 

(b) Determining the sohtble in alcohoL — Ten grms. of 
storax are weighed into a 200 c.c. beaker and dissolved by 
warming in 100 c.c. of 96 per cent, alcohol, then passed through 
a dry, tared filter into a tared porcelain basin, the beaker and 
filter being washed with 50 c.c. of hot alcohol. The filtrate 
is concentrated by evaporation, and the residue dried at 
100° C. till constant. It is advisable to weigh along with 
the basin a small glass rod, which serves to stir the resinous 
residue during drying. To prevent the troublesome creeping 
which occurs during the evaporation of resin solutions, it is 
advisable to float the porcelain basin in a larger basin of 
water, instead of setting it direct on the water bath or 
steam bath. The resin solution will then only creep to 
the same height as the level of the water in the outer 
basin. 

By also drying and weighing the filter and beaker, the 
percentage of dirt and woody fragments in the sample can be 
determined. 
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(c) Determining the insoluble in alcohol, — The insoluble 
residue from the preceding estimation is weighed and 
calculated as a percentage. 

{d) Ash, — The dried storax from a is incinerated and 
calcined until constant. 

(e) Acid value, direct (S.-Z. d.). — About 1 grm. of storax 
is dissolved in 100 c.c. of 96 per cent, alcohol, without heat, 
and titrated with alcoholic ^ caustic potash and phenolphtha- 
lein until the colour changes to red. The number of c.c. of 
KHO consumed, multiplied by 28*08, gives the acid value. 

(/) Saponification value, cold (V.-Z. k.). — About 1 grm. of 
storax is suffused with 20 c.c. alcoholic ? potash and 50 c.c. 
of benzine (sp. gr. 0*700) in a 1 litre flask, fitted with ground 
stopper. After standing for twenty-four hours at room 
temperature, the contents are titrated back with ? sulphuric 
acid, without any addition of water. The volume (c.c.) of 
combined | potash and phenolphthalein, multiplied by 
2 8 '08, gives the saponification value. 

{g) The ester value is found by subtracting the acid 
value from the saponification value. 

It should be noted that the storax must be freed from 
any mechanically adherent water before it is used for analysis : 
of course only the water that is to some extent combined in 
the form of emulsion comes into question for the determina- 
tion. An extra artificial addition of water, beyond the 
natural quantity that is left in the boiling, can only be 
incorporated by proper mixing and emulsification, and not by 
mere contact as a supernatant stratum. 

As it is difficult to weigh out 1 grm. with accuracy 
in the case of storax, and weighing into a narrow-necked 
flask is also troublesome, the best method is to take up 
the drug on the tip of a small glass rod, the whole being 
then placed together in the flask. 



STORAX 



235 



With authentically pure varieties of storax the author 
obtained the following values : — 



Moisture 
Ash 



26-21- 40-97 percent. 
0-5 - 0-92 



Do. 


0-74- 1-25 


Soluble in alcohol . 


. 57-14- 65-49 


Do. do. . 


. 88-75-100-20 


Insoluble in alcohol 


1-45- 2-61 


Do. do. 


1-97- 3-85 



yy 



>> 



>> 



>> 



>> 



Acid value, d. (S.-Z. d.) 

Do. do. 

Ester value (E.-Z.) 

Do. do. 

Sapon. val., c. (V.-Z. k.) 

Do. do. 



cal. to natural 
drug contain- 
ing original 
moisture. 

cal. to dry drug. 

cal. to natural 
drug. 

cal. to dry drug. 

cal. to natural 
drug. 

cal. to dry drug. 



59-38- 70-70 cal. to natural drug. 

87-62- 95-81 cal. to dry drug. 

35-42- 74-43 cal. to natural drug. 

49-84-109-83 cal. to dry drug. 
104-67-135-36 cal. to natural drug. 
145-62-199-74 cal. to dry drug. 



The numerous commercial varieties examined gave the 

following values : — 

Moisture . . . 19-58- 31-95 
Ash ... . 0-24- 3-64 



Do. 
Soluble in alcohol . 

Do. do. . 

Insoluble in alcohol 

Do. do. 

Acid value, d. (S.-Z. 

Do. do. 

Ester value (E.-Z.) 

Do. do. 

Sapon. val., c. (V.-Z. 

Do. do. 



d.) 



k.) 



0-57- 
64-90- 

89-62- 
1-66- 

2-45- 
38-22- 
54-96- 
47-81- 
72-82- 
111-89- 
170-41- 



- 4-75 

■ 77-17 

■ 99-63 

- 7-33 

- 9-56 
72-29 

-106-23 
110-03 
-142-47 
•187-76 
•233-40 



per cent. 

cal. to natural 
drug. 

cal. to dry drug. 

cal. to natural 
drug. 

cal. to dry drug. 

cal. to natural 
drug. 

cal. to dry drug, 
cal. to natural drug, 
cal. to dry drug, 
cal. to natural drug, 
cal. to dry drug, 
cal. to natural drug, 
cal. to dry drug. 
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On comparing these two sets of figures it will be 
seen that — as in the case of Peruvian balsam — nearly 
all the commercial kinds are adulterated, impure, or of 
low quality. To apply the standards obtained by the 
pure drug to the commercial kinds would practically boycott 
nearly all the latter. In order to obtain some idea what 
limits of requirement to prescribe, the author adulterated 
pure specimens of the drug and examined the products, 
the results being given in the subjoined table : — 
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These figures show that the added extraneous substances 
have all modified the values of normal storax, the fatty 
oils having reduced the acid value, but raised the ester 
and saponification values ; whilst turpentine, on the other 
hand, depresses the ester value, and, as already shown by 
E. Dieterich, considerably raises the saponification valH& 
Nothing abnormal is discernible in the other 
consequently the acid, ester, and saponification values, 
in addition, the determination of the percentage soluble in 
alcohol, are all factors capable of afiFording useful indications 
as to the quality of storax. 

On the basis of the results furnished by the pure 
specimens, and in the above experiments with adulterants, 
the author has proposed the following limits as being not 
too stringent, whilst, at the same time, they are so drawn 
as to permit the detection of any considerable degree of 
adulteration : — 

1. Moisture : not to exceed 30 per cent. 

2. Ash : not more than 1 per cent. 

3. Soluble in alcohol : not below 60 per cent, (the former limit 

of 70 per cent, appears too high). 

4. Insoluble in alcohol : not to exceed 3 per cent. 

5. Acid value, d. . . 55- 75' 

6. Ester value . . . 35-75 

7. Saponification value, cold 100-140. 

He is, however, of opinion that further experience is 
necessary to show whether these values, especially the three 
last-named constants, are justified. 

Gregor and Bamberger gave the following : — 

Methoxyl Value (M.-Z.)^ 
I. II. 

Gregor 4*5 3'6 

Bamberger . . . . 0*0 — 

(For the worth of these values, see Gherfu Bev., 1898, No. 10) 



in round numbers. 
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II. Purified Storax. — A good deal has been written 
on the methods of purifying storax, some authors recom- 
mending alcohol, benzol, benzine, or petroleum ether, whilst 
others advocate ether. Mylius, in particular, who has done 
good work in this connection, advises using petroleum ether 
so as not to dissolve the inactive resin. Nevertheless, in 
another place, he says that the mixture of oil and storax 
should be prepared with castor (ricinus) oil, and not olive oil, 
because the latter precipitates the resin, which is an active 
ingredient in the liniment. Schlickum and E. Dieterich 
favoured ether, which, in the author's opinion also, is the 
only correct method, since it dissolves a large quantity of 
storax, and is itself so readily evaporated that the loss 
of the volatile constituents of the storax is reduced to a 
very low figure. Next in value to this solvent is alcohol, 
followed by petroleum ether and benzine, benzol coming 
last. 

The author experimented in this connection with the 
aforesaid authentically pure samples of storax, and found 
that alcohol dissolved 65 per cent.; ether, 69-5 per cent.; 
benzine, 56*5 per cent. ; and benzol, 64*3 per cent. 

The product, purified with alcohol, was dark brown, 
almost perfectly clear ; that with ether, pale, like an 
emulsion; that with benzine, light yellow and clear; and 
that with benzol, brown and clear. The analytical values, 
given below, also show that the ether method is the only 
correct one, and furnishes a product most nearly approxi- 
mating to the original material. 

With regard to the purification of storax, or the 
preparation of Sty rax liquidus depuratus, D. A. III., 
Kriier has made certain" proposals, which are mentioned 
here, not because they bring any improvement, but because 
they ask something that must be decidedly rejected in the 
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interest of the constituents of the storax itself. He wishes 
to boil the drag over an open fire to drive off water, after 
which it is strained, and so purified. To boil a resin like 
storax, that contains so large a percentage of volatile and 
easily decomposable constituents, is altogether inadmissible, 
in view of its results. 

Though the method may be convenient, it certainly 
cannot be characterised as lege artis. Why should a product 
of such a '' secondary " nature as storax, which has already 
undergone modification and become different from the natural 
product, be altered further in an unnecessary manner ? 

Evers gives the following values for purified storax : — 

Acid Saponification 

Value, h. Value, h. 

(S.-Z. d.). (V.-Z. h.). 

55-7 216-0 



Sp. 


gr. at 


lOO** c. 


1-109 




•109 




•114 




•110 




•110 




•111 




•113 




•110 




•109 




•113 


\ 


•111 


Average 1 * 


111 



67-0 
61-2 
56-0 
56 ^3 
62-8 
60-2 
58 •O 
57^4 
59-0 
56-1 

59-1 



216-0 
211-5 
217-9 
222-3 
221-3 
221-1 
218-6 
218-9 
216-6 
221-2 

218-3 



Ester Value 
(K-Z.). 

160-3 
149-0 
150-3 
161-9 
166-0 
158-5 
160-9 
160^6 
161-5 
157-6 
165-1 



159-2 



149-0-1660 



Limits 1-109-1-114 56-0-67-0 211-5-222-3 

These values were obtained by the usual method. 

Kremel found — 

Acid value, d. (S.-Z. d.) ... •. 61*0 

Ester value (P:.-Z.) 76-0 

Saponification value, h. (V.-Z. h.) . . .137-0 

values much lower than those of Evers, though obtained by 

the same method. 
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E. Dieterich found — 
Acid value, d. (S.-Z. d.) . 
Ester value (E.-Z.) 
Saponification value, h. (V.-Z 
Ash .... 
Loss at 100° C. 
Soluble in petroleum ether 
Insoluble do. do. 

Solubility in — 

Alcohol (90 per cent.) . 
Ether .... 

Chloroform . 
Acetic ether . 
Benzol .... 

Petroleum ether 
Oil of turpentine . 
Carbon di-sulphide 



56-94- 84-00 
105-77-173-00 
li.) . 178-45-257-00 
0-00- 0-14% 
5-06- 12-63% 
37-54- 58-96% 
37-00- 63-15% 

almost to completely soluble. 

93-14 per cent, to completely 
soluble. 

almost to completely soluble. 

completely soluble. 

95-75 per cent, to almost com- 
pletely soluble. 

38-18-6'2-18%^ 

81-80-99-55% Uoluble. 

86-80-93-39%.) 



The acid, ester, and saponification values were found by 
le method used by Kremel. 

As already stated, the author has also examined purified 
orax and obtained standard values for the authentically 
are kinds in the purified condition. The method used was 
lat already described under Styrax crudus. 

The following limits were obtained with authentically 
lire, unadulterated storax, ether being used to purify the 
reparations : — 



•''ater 
sh . 
•o. . 
cid value, d. (JS.-Z. d.) 

Do. do. 

ster val^e (E.-Z.) 



15 per cent. 

0-03 „ 

0-04 „ 
85-97- 88-51 

101-73-104-73 
52-11- 52-26 
61-66- 61-84 



Do. do. 

aponification val., c. (V.-Z. k.) 138-23-140-62 
Do. do. 163-57-166-39 

16 



cal. to undried prepn. 
dried 
undried 
dried 
undried 
dried 
undried 
dried 
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Under the same method a number of commercial varieties 
gave the following values : — 

Water .... 5*91- 10-35% 

Ash 0*01- 0-47%cal.toundriedprepn. 

Do 001- 0-52% „ dried 

Acid value, d. (S.-Z. d.)' . 59-69- 95-06 „ undried „ 

Do. do. . 63-45-116-15 „ dried 

Ester value (E.-Z.) . . 54-07-129-44 „ undried „ 

Do. do. . 66-08-137-27 „ dried 

Saponification val.,c.(V.-Z.k.) 148-16-192-61 „ undried „ 

Do. do. 181-05-208-66 „ dried 



As in the case of the crude products, considerable 
divergencies exist between the normal samples and the 
purified commercial grades, a matter of small wonder in view 
of the differences in the composition of the initial materials. 

On the basis of the foregoing experience, the author 
proposes the following limits for the different constants : — 

Water : maximum 15 per cent, (the former limit of 8 per cent, seems 

too strict). 
Ash : ,, 0*5 „ 

Acid value, d. (S.-Z.-d.) . . . 70-90 \ 
Ester value (E.-Z.) .... 50-120 > in round numbers. 
Saponification value, cold (V.-Z. k.) . 135-180 ) 

It must be left to the future and to wider experience 
to determine whether these limits are too strict or too lax. 
In comparison with normal storax, it is the author's opinion 
that they are too wide, although it should be borne in mind 
that if the requirements were made too stringent nearly all 
the purified commercial grades would fail to pass. 

III. Styrax crudus colatus. — Under this name there 
exists in commerce a product that has been freed, as far as 
possible, from dirt, wood, resin, and water by straining. As 
the constants have been ascertained, they may be reproduced 
here. 
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E. Dieterich found : — 

{Acid value, d. (S.-Z.-d.) 
Ester value (E.-Z.) 
Saponification value, hot (V.-Z. h.) 



63-03- 88-04 
139-02-140-99 
203-13-227-16 



)y the usual method. 

The author found, for S. crudus colatus prepared from 
commercial varieties — 



Loss at 100** C. 

Ash 

Soluble in alcohol . 

Insoluble in alcohol 



27-00-34-75 per. cent. 
0-00- 1-02 
66-4 
2-1 



>> 



j> 



>> 



He also made a preparation of this kind from the 
luthentically pure specimens of storax already mentioned, 
ind examined the same in an unextracted condition by the 
tnethod detailed under S. liquidus crudus, with the following 
results : — 



Water . . . . 


37-83 per cent. 






Ash . . . . 


0-57 „ cal. 


to undried prepn 


Do. 


0-92 


, dried , 




Soluble in alcohol . 


60-83 „ 


, undried , 




Do. do. 


97-84 „ 


, dried , 




Insoluble do. 


1-19 


, undried , 




Do. do. 


1-94 „ 


, dried , 




Acid value, d. (S.-Z. d.) 


70-18- 70-89 , 


, undried , 




Do. do. 


110-03-112-88 , 


, dried , 




Ester value (E.-Z.) . 


35-91- 39-74 , 


, undried , 




Do. do. 


57-76- 63-49^ , 


, dried , 




Saponification val., h. (V.-i 


?:.h.) 106-09-110-36 , 


, undried , 




Do. do 


170-64-177-52 , 


, dried , 





With regard to the method of heating employed in the 
preparation of S, crudus colatus, the same remarks apply as 
in the case of Kriier's method of purifying storax. 

(For a discussion on the German Pharmacopoeia tests for 
storax, see Ph. C, 1898, No. 20.) 
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38. Tacamahac. 

Besina Tacumahaca, 

and Habitat. — ^American and West Indian 
tacamahac comes from Idea heptaphyllum and Elapkyrum 
tomerUosum (Burseracese) ; East Indian tacamahac, from 
Calophyllum inaphyllum ; Bourbon tacamahac, from C. Taai- 
mahaca (Burseracese). Usually the origin is uncertain. 
East Indies, Mascarenes, America. 

Chemical Constituents. — The composition is similar to 
elemi and anime, but has not been more closely investigated. 

Oeneral Properties and Commercial Varieties. — Taca- 
mahac is generally called " West Indian anime '' ; nevertheless, 
anime {q.v. and under Elemi) is a decidedly distinct, though 
similar, resin. 

East Indian tacamahac {alba, orientalis) is a yellowish 
grey-brown, semi-transparent, soft, and sticky resin, with 
greasy lustre, an aroma of lavender, and bitter spicy flavour. 

Bourbon tacamahac (" Marien balsam ") is a soft, dark 
bluish green, sticky resin, smelling rather like Fcenum groecmi, 
and only partly soluble in alcohol. It has been considered 
as identical with Caranna resin {q.v,), an opinion that has, 
however, been questioned of late. 

American tacamahac {occidentalis) is a solid resin, consist- 
ing of different size lumps, somewhat transparent, brown, 



TACAMAHAC 245 

asily crumbled, with a smooth, lustrous fracture. At the 
resent time, Tacamahaca alba is the sole commercial variety. 
L similar resin, from Calophyllum Calaba, is known as 
Resina ocuje" but is not met with in commerce. 

Adulterants. — Resina anime, various grades of elemis, 
ad other allied and similar resins. 

Analysis. — Hirschsohn examined the portion soluble in 
ot petroleum ether, and dried at 120° C, with the following 
jsults : — 



Tacamahaca orientalis 


• • 


44-11 per cent 


•\ 


Blackish grey tacamabac . 
Do. do. 


52-93 
26-99 ., 


V soluble. 


Tacamahaca Mexicana 


• • 


69-64 


) 


K. Dieterich determined the 


iodine value ( = 70*93- 


7*72) of Tacamahaca < 


%lia ; and 


the author 


obtained the 


ibjoined values during 


; a recent examination of several 


inds : — 










Acid 


Ester 


Saponification 




Value, d. 


Value. 


Value, h. 




(S.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


Bourbon tacamahac 


/38-10 
13906 


68-22 

78-47 


106-32 
117-53 


West Indian do. 


/28-40 
122-71 


68-43 

75-88 


96-83 
98-59 


Do. do. 


/20-39 
127-75 


77-33 


97-72 


95-15 


122-90 


EasSt Indian do. 


f 32-99 
\ 34-43 


38-81 
36-57 


71-80 
71-00 


Do. do. 


f 21-41 
1 21-37 


32-67 


54-08 


37-58 


58-95 


Do. do. 


( 22-20 
1 22-60 


60-90 


83-10 


66-31 


88-91 



As tacamahac resins are very impure, and probably 

>re or less artificial preparations, the fluctuations exhibited 

the several kinds need cause no surprise. It is note- 



246 ANALYSIS OF RESINS 

worthy that the East Indian kinds furnish lower values than 
those from the West Indies. 

All the above figures were obtained by the usual 
method. The values previously obtained by the author 
with the cold saponification process (20-50) are untenable, 
tacamahac being unsaponifiable in the cold. At that time 
there were no other figures available for comparison. 

BIBLIOGRAPHY. 
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39. Thapsia Resin. 

Resina Thapsice, 

Origin and Habitat. — Thapsia garganica, L. (Umbelli- 
fene). North Africa, Southern Europe. 

Chemical Constituents. — The plant contains a milky 
sap, which furnishes a non-nitrogenous, blistering substance, 
crystallising in small plates, and melting at 87° C; caprylic 
acid and dibasic thapsic acid (C16H3QO4) are also present. 
The active, French commercial extract from the root contains 
thapsic acid, ethereal oil, ^^ per cent, of resin, euphorbon, 
cholesterin, isocholesterin, gum, fat, aliphatic acids, a terpene 
which boils at 180° C, a camphene boiling at 170° C, and 
water. The euphorbon may originate in an- admixture of 
euphorbium (Canzoneri). 

Oeneral Properties and Commercial Varieties. — The 
resin from the plant or root is a dark, opaque, turbid extract, 
generally containing water. It has a highly disagreeable 
smell, and is for the most part soluble in alcohol, carbon 
di-sulphide, chloroform, and ether, but only partly so in 
benzine and petroleum ether. 
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Water and alcohol are generally employed for the extraction, 
and additions of extract from Thapsia villosa and euphorbium 
are also made. The extract from T, villosa also contains 
acrid substances soluble in petroleum ether, but is milder in 
its action than that from T. garganica. 

The pure French commercial grades act more rapidly 
than those found in the German market. 

Adulterants. — Inferior resins devoid of stimulating 
properties, euphorbium, and resin from T. villosa. 

Analysis. — Apart from various reports on the admixture 
of the less effectual resin from T. villosa and of euphorbium, 
there are practically no analytical data available on Thapsia 
resin. 

It was not until recently that the investigation of Thapsia 
resin was undertaken by the author, and a method elaborated 
which, on the one hand, enables the operation to be carried 
on in safety, and, on the other hand, has given materials for 
the first foundations of a system of valuing and judging the 
product. 

As even the mere heating or evaporating of a Thapsia 
solution, etc., entails great danger to the operator — extremely 
painful itching inflammation — the author has borne this in 
mind, and avoided in his method working with hot liquids or 
evaporating, except under suitable precautions. 

The method comprises — ^ 

(a) Estimating the percentage soluble in petroleum ether. 

(b) Hot saponification value of this portion, referred to 

1 grm. 

(c) Estimating the percentage soluble in alcohol. 

(d) Estimating the percentage insoluble in alcohol. 

(e) Hot saponification value of the portion soluble in 

alcohol, referred to 1 grm. 
(/) Total hot saponification value of the original resin. 
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{(j) Percentage of water. 

(Ji) Ash content. 
About 1 grm. of Thapsia resin is mixed with a sufficient 
amount of pure sand, and the crumbled mass placed in a 
Schleicher and Schiill cartridge, the weight of cartridge + 
sand 4- resin being noted, as well as that of the cartridge + 
sand, and of the resin by itself. The whole is then treated, 
in a Soxhlet extractor, with petroleum ether for three hours, 
and, after cooling down, the cartridge is dried in the oven at 
80° C. until no further odour of petroleum ether is discernible; 
longer drying must be avoided in view of the moisture-content 
of the resin. The cold petroleum ether extract is next 
treated with 20 c.c. of alcoholic \ caustic potash and boiled 
for half an liour under a reflux condenser, the apparatus 
being tightly stoppered. After cooling, the saponification 
value of the portion soluble in petroleum ether is determined 
by the usual method (see Introduction to Part II.), and the 
results are referred to 1 grm. 

The percentage soluble in petroleum ether is found, indirectly, 
by calculation, from the loss in weight of the aforesaid 
cartridge, and expressed as a percentage. The cartridge is 
then replaced in the extractor, and, after charging the bottom 
flask with 20 c.c. of alcoholic | caustic potash and 50 c.c. 
of alcohol, is extracted for two hours longer. The alcohol 
serves as the extracting reagent, whilst the underlying alkali 
immediately saponifies the dissolved substances. After two 
hours the whole apparatus is cooled, and the cartridge is 
then dried at 100° C. until constant. 

The extra loss in weight, calculated in percentages, gives 
the value of the portion soluble in alcohol ; the residue, which 
is easily calculated by deducting the weight of cartridge + 
sand from the total weight of cartridge -f sand + resin, 
expresses the value, insoluble residue. 
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The saponification liquid in the flask is titrated and — 
calculated to 1 grm. — gives the saponification value (hot) of 
the portion soluble in alcohol. 

The total saponification value (hot) of the original resin 
is found by saponifying 1 grm. of the resin with 25 c.c. of 
alcoholic y potash, under a reflux condenser, and titrating 
back when cold. 

The percentage of the moisture and ash are determined 
by known methods, with the precaution, however, that a 
properly ventilated drying cupboard is used, the draught pipe 
of which discharges into the open air (this is easily effected 
by means of rubber piping and glass tubing). The bulk of 
the active ingredients is in the portion soluble in petroleum 
ether, only small quantities being found in that soluble in 
alcohoL 

Several commercial varieties, chief among them being 
three pure French resins, and two inferior German 
commercial specimens, gave the values recorded in the 
following table : — 



[Table 
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These values furnish the subjoined maximum, minimum, 
and mean values for the pure, active resin, calculated to the 
anhydrous drug — 

I. 

Maximum and 
Minimum Limits. 

Water 7 '43- 10-336% 

Ash 0-16- 0-415% 

Soluble in petroleum ether . . 19-28-25-67 % 
Sapon. val., h., of <same,ca]. to 1 grm. 251*94-360-18 
Soluble in alcohol . . . 83-46-89-32 % 

Sapon. val., h., of same, cal. to 1 grm. 367*86-405-55 
Residue insoluble in alcohol . 0-00- 2*40 % 

Total saponification value, h. . 336-33-384*47 

In contrast to these figures No. IV. in the table sbows 
an abnormally high percentage of water, and a very high 
percentage soluble in petroleum ether, with a very low 
saponification "value, h. (V.-Z. h.) for same ; resin No. V. shows 
a very high percentage soluble in petroleum ether, with a low 
saponification value, h., for same, as also a very low total 
saponification value, h. Although, on the basis of these 
researches, the author does not venture to assume that there 
is any direct connection between these abnormal values and 
the activity of the corresponding resins, he nevertheless con- 
siders it advisable to give special prominence to these 
divergent and fluctuating figures, and contrasts them with 
the relatively harmonious values of the pure and efficacious 
specimens of Thapsia resin, which vary within restricted 
limits only. 
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40. Turpentine. 

Terehenthina, Balsamum Terebinthince (officinal in 

Germ. Pharm. III.). 

I. Ordinary Turpentine. 

Origin and Habitat. — Numerous varieties of Pinus, 
such as P, pinaster, P. Laricio, etc. (Abietinese). Europe. 

Chemical Constituents. — Abieto-pimaric acid, water, 
oil of turpentine, and bitter principle. Tschirch has 
recently isolated new " crystalline resinol acids " from 
the resins from Pintis pahtstris, Picea vulgaris, Abies 
pectinata, by fractional separation (see Ph, Ztg., 1899, 
No. 77). 

II. Larch-Vknice Turpentine. 

Origin and Habitat. — Larix decidua, M. (Abietinese). 
Europe. 

Chemical Constituents. — Ethereal oil, G^oB.^q (15-20 
per cent.), cafifeic acid, vanillin, ferulaic acid (?), abietic acid, 
water, bitter principle, formic acid. Tschirch has recently 
isolated new " crystalline resinol acids " from the resin from 
Larix decidua by fractional separation (see Ph, Ztg,, 1899", 
No. 77). 

General Properties and Commercial Varieties. — The 
ordinary turpentine is thin (to thick) flowing, crystalline, 
with a strong smell of oil of turpentine, and setting hard 
immediately in contact with calcium hydroxide (2 parts to 10 
of turpentine). Whereas the ordinary turpentines are of 
balsamic consistence, the pine resins — Resiiia Pini {q.v), 
which is also obtained from varieties of Pinus — are more 
solid. 
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Venice turpentine is almost perfectly clear ; it does not 
become crystalline, nor does it set immediately when mixed 
with calcium hydroxide. 

Strasshurg turpenti7ie, from Pinus picea {Abies pectinata), is 
thin, clear, yellow, and slightly fluorescent. 

Chios turpentine is like mastic {q.v.), and comes from 
species of Pistacia, 

Russian turpentine, from Pinus sylvestris, contains, accord- 
ing to Schkatelow, 30 per cent, of a dry, crystalline acid 
(C40H58O5). 

Canada balsam and Mecca balsam (q.v.) are also 
turpentines in the wider sense of the term. (For Terebinthina 
cocta, see Eesina Pini.) A turpentine of sharp, acrid flavour, 
and containing succinic and abietic acid is furnished, accord- 
ing to Hartwich, by the Mexican Pinus religiosa (Abietineae) 
and is known as " Aceite de abeto.'* Carpathian balsam, or 
Balsamum Carpathicum, comes from Pinus Cembra, L. 

Adulterants and Substitutes. — Artificial mixtures of 
resin, oil of turpentine, and water. 

Analysis. — The chief varieties that have been subjected 
to analytical examination are Chios turpentine, ordinary 
turpentine from various sources, Venice turpentine, and 
Eussian turpentine. Artificial commercial products have also 
been tested, and Strassburg turpentine, Canada balsam, and 
Mecca balsam {q.v.) have been described. The reason why the 
turpentines are not included with the balsams in the present 
work, as is oftentimes done, is that, instead of being 
solutions of resins in ethereal oils like most of the balsams, 
the turpentines are very thick and viscid mixtures, which are 
partly crystalline, and are more nearly allied to the resins 
than to the balsams, though much softer than the almost 
perfectly solid pine resins {q.v,) met with in commerce. 
This also applies to storax {q.v). 
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The analysis of the turpentines will be dealt with in the 
following order: — 

I. Ordinary turpentines. 
II. Larch turpentine. 

III. Chios turpentine. 

IV. Strassburg turpentine. 



I. Ordinary Turpentines. 

Hirschsohn found the turpentines dissolve in petroleum 

ether, except for a slight residue. 

Kremel found — 

I. II. 

Acid value, d. (S.-Z. d.) . . . 128-7 124-4 

by the usual method. He did not ascertain any other 
values. 

E. Dieterich found — 

(a) Terehinthina communis (Abietina) — 



Acid value, d. (S.-Z. d.) . 

Ester value (E.-Z.) . . . . 

Saponification value, h. (Y.-Z. h. 

(h) Terehinthina communis (Gallica)- 

Acid value, d. (S.-Z. d.) . 

Ester value (E.-Z.) . . . . 

Saponification value, h. (Y.-Z. h.) . 



Solubility in — 

Alcohol (90 per cent.) 

Ether 

Chloroform 

Acetic ether . 

Benzol . 

Oil of turpentine 

Carbon di-sulphide 

Petroleum ether 



112-45-136-81 

9-84- 32-75 

139-77-160-93 



104-72-140-93 

2-80- 9-80 

1 08-99-149-33 



complete. 



»> 
>> 
>> 



almost complete. 
94-04-95-71 % 
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(c) Terebinthina communis {Pinus Gemhrce) — 

Acid value, d. (S.-Z. d.) . . . 117-03-1 18-56 
Ester value (E.-Z.) . . . . 56*01- 60-19 
Saponification value, h. (V.-Z. h.) . 167-40-179-53 

(d) Terebinthina communis {Pinus sylvestris) — 



Acid value, d. (S.-Z. d.) . . 128-65-144-94 

Ester value (E,-Z.) .... 34-59- 38*75 
Saponification value, h. (V.-Z. h.) . 167-40-179-53 

All these values were determined by the usual method, 
except that the saponification liquid was first evaporated, 
and then taken up again with alcohol for back titration. 

K. Dieterich found — 

I. II. III. lY. 

Acid value, d (S.-Z. d.) . . 107*98 107-69 112-42 113-36 

Ester value (E -Z.) . . . 10-02 7-82 17-25 20-39 

Saponification value, h. (V.-Z. h.) 118-00 115-51 129-67 133*65 

and later — 

I. II. III. IV. V. 

Acid value, d. (S.-Z. d.) 112-93 115*13 115-32 114-84 115*88 

Ester value (E.-Z.) . 7*77 6*30 7*15 4*29 4*14 

Sapon. vaL, h. (V.-Z. h.) 120*70 121*43 122*47 119*13 12002 

also by the usual method — 

Dietze found with French turpentine — 



Acid value, d. (S.-Z. d.) . . . 119-67-120*41 
Ester value (E.-Z.) . . 176- 3-05 

Saponification value, h. (V.-Z. h.) . 121-43-123-46 

These values (also obtained by the usual method) 
agree well with those found by E. Dieterich (see above, T, 
communis Gallica). 

Kitt determined the carbonyl value of resin from Pinus 

halepense, and found — 

I. II. 

Carbonyl value (C.-Z.) . . . 0-28 0*57 
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The author examined the acetyl values for ordinary tur- 
pentine, with the following results : — 

j Acid value (A..S.-Z.) . . 123-75-125-55 

Acetyl -Ester value (A..K-Z.) . . . 62-32- 93-79 

iSapomfication value (A.-V.-Z.) . 187-87-217-04 

the aeetylised product being solid, though the original sub- 
stance is viscid. 

(For the worth of the carbonyl and acetyl values, see 
Chem. Rev., 1898, No. 10.) 

The chief distinction between ordinary and Venice 
turpentine is in the higher acid value of the former. 
Schkatelow has reported on the chemical data of the above- 
mentioned Russian turpentine from Fimts sylvestris (see the 
values given by E. Dieterich, under d), but not on the 
analytical details. As a rule, all the pine (Finus) turpentines 
give the same values, and are distinguishable solely by their 
outward appearance, their solubility in ether and alcohol 
being almost identical. 

lu contrast to colophony, which forms the distillation 
residue from turpentine, all the turpentines and pine resins 
(q.v,) contain ester compounds, which pass over, either as such 
or in the form of decomposition products, on distillation, 
leaving colophony (q.v,) behind as an ester-free but etheri- 
ferous and lactoniferous resin, with or without traces of 
ethereal oil. 

(For the German Pharmacopoeia (III.) tests for turpentine, 
see Ph. a, 1898, No 20.) 

II. Larch Turpentine. 

Being a more valuable product, Venice turpentine has 
been more closely investigated than ordinary turpentine, and 
the analytical values obtained harmonise very well and are 
fairly exact. 
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Hirschsohn found that larch turpentine is almost com- 
etely soluble in petroleum spirit. 

A. Kremel found — 

I. 11. 

Acid Yalue, d. (S.-Z. d.) . . . 68-4 70*3 

T direct titration, but did not determine the ester and 
ponification values. 

Von Schmidt and Erban found — 



Acid value, d. (S.-Z. d.) 


• • • • 


• 


67-7 


Ester value (E.-Z.) 


• 


29-8 


Saponification value, h. (V.-Z. h.) 


• 


97-5 


1 by the usual method. 






Solubility in — 






Alcohol 








Ether 








Methyl alcohol 


- complete. 






Amyl alcohol 








Benzol 








Petroleum ether — almost complete. 






Acetone 








Glacial acetic acid 


- complete. 






Chloroform J 








Carbon di-sulphide — partial. 






Oil of turpentine — complete. 






Beckurts and Bruche found — 






I. II. III. IV. V. 


VI. 


VII. 


3. gr. . . . 1-091 M21 M60 MOO M80 


M90 


1-060 


cid value, d. 






(S.-Z. d.). . 85 76 81 94 101 


98 


93 


ster value (E.-Z.) . 9 5 3 





6 


ipon. value, h. 






(V.-Z. h.) . 85 81 


81 97 101 


98 


99 



le three latter values by the usual method. 
17 



complete. 
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E. Dieterich found — 

Acid value, d. (S.-Z. d.) . . . 6444- 76-69 
Ester value (E.-Z.) .... 35-41- 55-94 
Saponification value, h. (V.-Z. h.) . . 108-27-132-63 

Solubility in — 

Alcohol (90%) 

Chloroform 

Acetic ether 

Benzol 

Oil of turpentine 

Carbon di-sulphide — almost complete. 

Petroleum ether — 98*89 to 100 per cent. 

Ether — almost complete. 

In determining the saponification value the liquid was 
evaporated, taken up again with alcohol, and then titrated. 
The acid value was found by direct titration of the alcoholic 
solution. The sohibilities agree with those of von Schmidt 
and Erban (see above). 

The author found — 

Acid value, d. (S.-Z. d.) . . . 66-93- 68-85 
Ester value (E.-Z.) .... 46*27- 54*94 
Saponification value, h. (Y.-Z. h.) . . 114*56-127-71 

by the usual method ; the figures agree well with those 

found by other authors. 

He also examined the acetyl values of Venice turpentine, 

and found — 

I Acid value (A.-S.-Z.) . . 69*87-72-19 

Acetyl ] Ester value (A.-E.-Z.) . . 109*08-118*67 

I Saponification value (A.-V.-Z.) . 178*95-190-86 

Both Gregor and Bamberger obtained negative results with 
the methoxyl value test. 

The chief adulterants of larch turpentine are artificial 
preparations, ordinary pine turpentines, and extraneous 

resins. 
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Hoffmann has reported on artificial Veiiice turpentine 
which he declares to be a product free from oil of turpentine, 
and of altogether different behaviour. According to Schaal, 
an artificial turpentine of this class is prepared, from 
conifer resins, by distillation in vacuo at 270° C, and 
subsequent distillation with oil of turpentine under reduced 
pressure. 

E. Dieterich examined an artificial product of this kind, 
and found — acid value, d., 98*79; ester value, 0*88; saponi- 
fication value, h., 97*66. 

Von Itallie remarks as follows : — 

"In the H, A., 1893, E. Dieterich mentions solutions of 
resin in resin oil, which are sold as Terehinthina veneta, and 
that their acid and saponification values are almost identical, 
whereas in good sorts of turpentine the acid value is about 
,70, and the saponification value, 120. 

" I received two kinds of turpentine which gave the 
following values : — 



Acid Value, d. 


Saponification Value, h 


(S.-Z. d.). 


(V.-Z. h.). 


97*0 


108-0 


99-5 


109-3 



and were therefore mixtures, consisting mainly of resin and 
resin oil." 

With regard to the detection of ordinary turpentine in 
larch turpentine, Hirschsohn says : — 

" To detect ordinary turpentine in larch (Venice) 
turpentine, the Hlibl saponification method, recommended 
by some, is unsuitable, because the acid and ester values 
thereby obtained vary very considerably, both in the case of 
ordinary turpentine, and of larch turpentine as well." 

On the other hand, Hirschsohn discovered, in the behaviour 
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of turpentine towards ammonia, a means said to be not only 
capable of distinguishing between ordinary and larch tnr- 
pentine, but also, to some extent, of detecting the presence 
of the former in the latter. 

'' When a small quantity of ordinary turpentine is 
suffused in a test glass with strong ammonia (sp. gr. 0*96), 
it gradually distributes itself throughout the liquid, as a 
kind of milk ; whereas, if larch turpentine be treated the 
same way, the liquid remains clear. On attempting to 
distribute the turpentine through the liquid by means of 
a glass rod, it is found that larch turpentine apparently 
remains unchanged at first, as an oily mass in the aqueoas 
liquid, but afterwards is converted into a semi- solid, colour- 
less, opaque mass, the liquid being only slightly turbid; 
ordinary turpentine, on the other hand, immediately dis- 
tributes in the form of milk, which soon sets to a jelly, 
especially when the proportion of turpentine to ammonia 
is about 1:5. Larch turpentine, containing 50 per cent, of 
ordinary turpentine, readily distributes in ammonia, the 
mixture solidifying in about five minutes, and clarifying 
when set in hot water; a mixture containing 30 per cent, 
of ordinary turpentine also distributes easily, solidifies in 
about ten minutes, and clarifies in the water bath ; with 
20 per cent, of ordinary turpentine the sample runs to milk 
very easily, and does not solidify, but clarifies, on the water 
bath ; when the proportion of ordinary turpentine is less 
than 20 per cent, it cannot be detected, unless an undoubtedly 
pure larch turpentine be at hand for comparison. 

"Mixtures of larch turpentine with not less than 30 per 
cent, of ordinary turpentine can be recognised with a fair 
degree of certainty by means of 80 per cent, alcohol. If 1 
part of turpentine be suffused with 3 parts of alcohol and 
shaken up, larch turpentine gives an almost clear solution, 
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whereas more than half of the total quantity of ordinary 
turpentine present separates out in a short time." 

Although this method of Hirschsohn is not free from 
objection, and its indications are in nowise to be considered 
superior to those of the acid, ester, and saponification 
values, it may nevertheless find a place here as a con- 
firmatory test in doubtful cases. The importance of the 
acid, ester, and saponification values is evident from the 
circumstance that ordinary turpentine has a much higher 
acid value than Venice turpentine ; so that larger additions of 
ordinary turpentine to the latter may be recognised by these 
values. The acetyl acid value of ordinary turpentine is also 
much higher than that of Venice turpentine, which is an 
interesting fact, and qne indicating the worth of the acetyl 
values. The quantity of the hydroxyl groups, expressed by 
the acetyl values, therefore turns out greater or smallei- 
according to the amount of the resin acids present containing 
hydroxyl. The same remarks also apply to the acetyl-ester 
and acetyl-saponification values. (With regard to the worth 
of the methoxyl and acetyl values of the resins, see Ohem. Rev., 
1898, No. 10; and for the Germ. Pharm. tests for turpen- 
tine, see PK a, 1890, No. 20.) 

III. Chios Turpentine. 

Though Chios turpentine is often erroneously classed with 
the Larioc turpentines, it will be treated separately here, 
because several reports on it are found in the literature of 
the subject. 

According to Wigner, the following requirements should 
be fulfilled by Chios turpentine : — 

" The sp. gr. is 1*050, but varies, like the consistence, with 
the percentage of volatile oil. The taste is faintly aromatic, 
like turpentine, and entirely devoid of bitterness or sharpness ; 
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the odour agreeably aromatic, slightly recalling that of 
turpentine. It is completely soluble in alcohol and ether, 
only earthy admixtures being left behind. The solution in 
rectified alcohol is not quite clear, but very little deposit 
comes down on cooling. An admixture of conifer resins can 
be detected by the solubility test ; and an indication is also 
afifbrded when the microscopic examination of the residue 
reveals the pitted vessels so characteristic of coniferous woods. 
The optical behaviour of Chios turpentine also serves to 
distinguish it from other kinds of turpentine, the ethereal oil 
of the former being strongly dextro-rotatory, whereas the 
oils of most conifers give a levo-rotation. Conversely, the 
resins of most conifers are dextro-rotatory, that of Chios 
turpentine being probably levo-rotatory." 

W. Bettink would require Chios turpentine to be com- 
pletely soluble in boiling alcohol, the solution becoming 
turbid on cooling The taste should be neither sharp nor 
bitter, and the turpentine itself should be devoid of- crystals. 
The mechanical impurities should not exhibit any pitted 
(conifer) vessels. As this author was in possession of 
authentic samples, these indications are valuable ; above all, 
the microscopic examination of this turpentine is advisable. 

Landerer drew attention long ago to the adulteration of 
Chios turpentine, and found as much as 20—30 per cent, of 
sand and stones in the natural product. 

Kremel gives the following values for Chios turpentine : — ■ 

I. II. 

Acid value, d. (S.-Z. d.) . 47*8 53-4 

by direct titration, but did not determine the saponification 
value. 

E. Dieterich also accurately examined Chios turpentine, 
and made valuable reports. That he should, however, have 
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treated Chios turpentine as Terebinthina Laricina, whereas 
it is derived from Pistacece, cannot be approved. This Pistacia 
turpentine is distinguishable from the Pinus and Larix 
turpentines by the absence of the characteristic pitted vessels, 
and should on no account be classed with the Larix 
turpentines. 

E. Dieterich found — 

Acid value, d. (S.-Z. d.) . . . 47-13-48-53 
Ester value (E.-Z.) .... 19-13-21-47 
Saponification value, h. (V.-Z. h.) . 66 •26-70-00 

Solubility in — 



almost to completely soluble. 



Ether 

Chloroform 
Acetic ether 
Benzol 

Oil of turpentine 
Alcohol (90 per cent.) . 98*64 to completely soluble. 
Carbon di-sulphide . almost completely soluble. 
Petroleum ether . 98*49 per cent, to completely 

soluble. 

IV. Strassburg Turpentine. 
(Terebinthina argentoratensis,) 

Though actual analytical data for Strassburg turpentine 
are lacking, and the article itself has now almost entirely 
disappeared from the market, it is nevertheless included 
here for the sake of completeness. 

According to Fllickiger, the resin sap of the white pine 
agrees perfectly with Canadian turpentine (see Canada 
balsam), except as regards solubility, the former being 
miscible in all proportions with glacial acetic acid, absolute 
alcohol, and acetone, to form a clear liquid. The white pine 
turpentine has also a finer odour, so that it was formerly 
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known in France as Tir£binthiiu au citron. The taste has 
not the sharpness of Canada balsam, and is less bitter. No 
fluorescence is discernible. 
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41. Turpethum Resin. 

Resina Turpethi, 

Origin and Habitat. — Ipomcea Turpethum, E. Brown 
(Convolvulaceae). East Indies. 

Chemical Constituents. — The resin "Turpethin'' has 
been said to be identical in composition with Scammonin, but, 
more correctly speaking, is identical with the Orizabin = 
Jalapin G^^'H.^qO^q, in Jalapa (Spirgatis). This authority also 
gives Scammonin as identical with Orizabin = Jalapin, and 
states that Turpethin is a glucoside of the formula C34H5gOi6. 

General Properties and Commercial Varieties. — A 
brownish yellow, almost inodorous resin, of sharp and bitter 
flavour; readily soluble in alcohol, but insoluble in ether. 
The only variety in the market is the resin extracted from 
the roots, and sold in sticks. 

Adulterants. — Vegetable and mineral impurities, and 
artificial products. 

Analysis. — Turpethum resin is prepared in the same 
manner as Jalapa resin and scammonium, by boiling the roots 
in water, and recovering the resin by means of alcohol. 
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It is dealt with in this place mainly because, according to 
Spirgatis, its constituents are identical with Scammonin and 
Jalapin. It is sold in sticks, has the melting-point 183° C, 
and is distinguishable from scammonium and Jalapa resin by 
its insolubility in ether, wherein the other two are, for the 
most part, soluble. All three are soluble in alcohol. As 
with scammonium and Jalapa resin, the ash content should 
be minimal. 

The author has examined the commercial product (Besina 
Tmyethi in sticks) by the usual method, and obtained the 
following values : — 

I. II. III. IV. 

Acid value, d. (S.-Z. d.) . . 2073 2445 22-93 20*55 
Ester value (E.-Z.) . ' . . 139-98 137-27 141-01 139-94 
Saponification value, hot (V.-Z.h.) 16071 161-72 163-94 160-49 

The various samples, therefore, appear to be fairly uniform 
in composition. 

BIBLIOGRAPHY. 
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C. GUM RESINS. 

As was the case with many of the resins, so with the 
gum resins, the analytical data hitherto accumulated were, 
almost without exception, obtained with extracts, and conse- 
quently are — as already several times remarked — of only 
relative worth, since the values furnished by extracts can 
never correspond to those of the crude product, not to speak 
of their incapacity of affording any reliable evidence on the 
nature of the latter (see Part I.) Nevertheless, these values 
obtained from extracts will be recorded for the sake of 
completeness, since they may be able, in doubtful cases, to 
at least afford some indication of the characteristics of the 
gum resin extracts. Moreover, values have already been 
determined from the unaltered crude product in the case of 
many of the gum resins. It is worthy of special mention 
that the values furnished by this class of bodies exhibit the 
greatest fluctuation shown by any members of the resin 
product group, a circumstance in part due to the methods 
employed, and the use of extracts, but mainly to the very 
changeable constitution of the gum resins themselves, these 
being the most variable of all the resinous substances so far as 
concerns the percentage and mutual relation of their contained 
ethereal oil, gum, resin, etc. Furthermore, the gum resins 
show the largest percentage (up to 50 per cent.) of ash and 
impurities, a circumstance which, in conjunction with their 
greasy character, renders the preparation of an average sample 
for analysis peculiarly difiScult. To triturate the gum resins 
it is advisable to first cool them down, either in a cold cellar, 
or, better, in an ice-chest or refrigerating mixture, the appli- 

266 



AMMONIACUM 267 

cation of warmth, as recoro mended by the German Pharma- 
copoeia, being not only unsuccessful and impractical, but 
also irrational, since it causes a loss of ethereal oil. It is 
necessary to take four or five samples of each gum resin to be 
analysed, and to calculate the definite values from the results 
of four or five analyses. The above remarks as to the use of 
warmth also apply to the so-called '* purified gum resins " (by 
the wet or dry process) which were formerly plentiful in 
commerce, though now rare. These extracts, though doubt- 
less practical and also relatively pure, are incapable of 
corresponding to the crude product, except to a very minor 
degree. It is therefore worthy of recognition that the 
German Pharmacopoeia has, so far, not acknowledged these 
products, as the Swiss Pharmacopoeia has done with the dry 
gum resins purified by sifting. 

42. Ammoniacum. 

Gummi-resina ammoniacum (officinal in Germ. Pharm. III.). 

Origin and Habitat. — Dorema ammoniacum (Umbel- 
liferae). Persia. 

Chemical Constituents. — Matters insoluble in water or 
alcohol, 3*5 per cent. ; acid and neutral resin (total, 60 per 
cent.). Both kinds of resin are free from sulphur. The acid 
resin is a salicylic ammoresinotannol ester ; and the isolated 
ammoresinotannol has the formula CgHioO, or CigHagOgOH, 
so that it is analogous in composition with galboresinotannol 
(see Galbanum). Ethereal oil (0'2-0*4 per cent.) is also present, 
and salicylic acid in traces ; but no umbelliferon or sulphur. 
Volatile acids such as acetic and caproic acid are also found 
(Tschirch & Luz). The gum (12-16 per cent.) is similar 
to gum arabic, is free from nitrogen, and yields on hydrolysis 
galactose, arabinose, and mannose (Frischmuth). 
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General Properties and Commercial 

Persian ammoniacum is in the form of greyish white masses, 
or as tears, yellow externally and white inside. In the cold 
it is brittle and of peculiar aromatic odour. The variety in 
massa contains more ethereal oil than the in IcLcrymii 
grade; the former being therefore greasy, whilst the latter 
is solid. Ammoniacum " in tears " is also the purer kind, 
but, owing to its lower percentage of ethereal oil, is not 
superior to the other, for pharmaceutical purposes especially 
Persian ammoniacum — which is the only usual commercial 
quality — is but partially soluble in water or alcohol. 

African ammoniacum, from Ferula tingitana, bears only 
a very slight external resemblance to the Persian drug; it 
is much darker in colour, more impure, and has quite 
a diflferent taste and smell. Only one grade, in massa, 
appears to exist. It also differs from Persian ammoniacum 
in giving the umbelliferon reaction with hydrochloric acid 
and ammonia (see Galbanum), and again by its analytical 
constants, in which respect it also differs from galbanum. 

Adulterants, etc. — Galbanum, African ammoniacum, 
inferior resins, vegetable detritus, etc. 

Analysis. — Frequent reference has been made by various 
authors to the impurity of ammoniacum, particularly with 
regard to the ash. E. Dieterich on this account recommended 
the use of the selected or purified drug, and urged its adoption 
for the Pharmacopoeia. Even, however, if it be possible to 
reduce the percentage of ash and impurities by purification, 
the objections mentioned in the Introduction to this Section 
— and especially those relating to " purified gum resins " — 
still remain. The Danish Pharmacopoeia rightly prescribes 
that ammoniacum should be powdered in the cooled state 
(see also Introductory Kemarks). Neither the adoption of a 
purified grade, as advocated by E. Dieterich and Thoms, for 
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the Pharmacopoeia, nor the heating of the product is, however, 
able to lead to any progress in this connection, the sole 
remedy being the strict and accurate prescription of the ash 
content and the percentage soluble and insoluble in alcohol, 
as frequently urged by the author. The best reactions are 
those of Picards and Plugge, and, in addition, the author's 
test as applied to galbanum. Picards found that the alcoholic 
solution of this gum resin gives a beautiful violet coloration 
with sodium hypochlorite. Plugge recommends sodium 
hypobromite, and claims to have detected as low as 1 per 
cent, of ammoniacum in galbanum and other mixtures. The 
author, however, has not been able to confirm this ; but the 
samples tested were highly impure kinds, which gave merely 
dirty, and by no means characteristic, colour shades. Con- 
sequently, like other colour reactions, this test can only be 
considered as of relative value. As has been stated under 
Galbanum, the detection of ammoniacum in this drug is 
possible by the quantitative method. Plugge also endeavoured 
to determine the quantitative presence of ammoniacum in 
mixtures by means of a standardised solution of bromine. 
His researches revealed the following constituents in ammonia- 
cum, the figures found by previous authorities being added to 
the table, for purposes of comparison : — 



Constituents. 


Plugge. Biichholz. 


Braconnot. 


Moss. 


Hirschsohn. 




Per cent. 


Per cent. 


Per cent. 


Per cent. 


Per cent. 


Ethereal oil . 


1-27 


] 




2-8 


1-43- 6-68 


Moisture 


5-10 


y 4-0 


- 7-2 


0-81- 3-27 


Ash 


2-00 


j 


J 


2-3 


2-02-16-88 


Resin 


65-53 


72-0 


70-0 


68-6 


47-12-69-22 


Gum 


26-10 


22-4 


18-4 


19-3 




Bassorin 




1-6 








Gelatinous sub- 










stances 


™ ^— 


4-4 


5-4 




Extractives . 






1-6 




Sugar, etc. 








1-61- 4-59 


Per cent. sol. in water 


— — 






11-85-25-74 


Residue 


— — — 




0-81- 3-09 
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Hirschsohn laid down as requirements to be exacted of 
the Persian grades that the in massa mark should contain 
at least 55 per cent, soluble in petroleum ether, and the iv. 
granis kind not less than 66 per cent., the ash content being 
fixed at 3 per cent. (This is a limit which probably only 
very few in massa specimens nowadays exhibit) The com- 
prehensive researches on ammoniacum have been supple- 
mented by numerous qualitative reactions, one of which 
enables Persian galbanum to be distinguished from African 
ammoniacum. As, however, the latter is no longer in the 
market, it is probable that adulteration is out of the question, 
owing to the different origin of, and commercial channels 
traversed by, the two kinds : and, moreover, there is no risk 
of one being mistaken for the other, their external appearance 
being distinguishable at the first glance — quite apart from the 
analytical differences shown by Kremel and the author — 
although both give the umbelliferon reaction with hydrochloric 
acid and ammonia. (See above, detection of galbanum or 
African ammoniacum in Persian ammoniacum.) 

Kremel found (usual method) — 

Per Acid Ester Sapon. 

cent. Val., d. Val. Val, h 

Resin. (S.-Z. d.). (E.-Z.). (V.-Z. h. 



1. 


Persian ammoniacum . 


. 67-7 


112 


30-6 


142-6 


2. 


Do. do. 


. 67-1 


110 


50-0 


1600 


3. 


Do. do. 


. 70-7 


100 


50-5 


150-5 


4. 


African do. 


. 77-6 


59-0 


1230 


182-0 




Y 

From extract. 





As stated in the introductory remarks, nearly all pub- 
lished values for ammoniacum have been obtained with 
extracts — the foregoing among them. 

There being no difficulty in distinguishing between 
Persian and African ammoniacum, and between the latter 
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and galbanum, by analytical means, the various unreliable 

qualitative colour reactions are therefore superfluous. 

E. Dieterich found — 

Ct^vdum, 

f Acid value, d. (S.-Z. d.) . 5 7 -12-1 05 -45 
Ester value (E.-Z.) . . 64*40- 91-22 



So 



[Sapon. value, h. (V.-Z. h.) 146-16-196-67 



Loss at 100° C. 
Ash 

Solubility in — 



Alcohol (96 per cent.), soluble 
Do. do. insoluble 



3-8 - 12-20% 
0-9 - 10 08% 



46-0 - 88-20% 
22-23- 42-96% 



DepurcUum, 

78-96-135-00 

73-00- 98-00 

180-00-23300 

2-15% 
1-05- 2-75% 



66-50-76-53% 



The acid, ester, and saponification values were determined 
by the same method as used by Kremel. 
Beckurts and Bruche found — 



No. 


Commercial 
Variety. 


Sp. gr. 

at 
15" C. 


Ash 
per 
. cent. 


Soluble 

in 
Alcohol 
per cent. 


Acid 

Value, d. 

(S.-Z. d.). 


Ester 

Value 

(E.-Z.). 


Sapon. 
Value, h. 
(V.-Z. h.). 


1 
2 
3 
4 
5 


Depuratum 

Do. 

Do. 

Do. 

In granis 


1-214 
1-198 
1-190 
1-200 
1-200 


4-47 
3-20 
0-79 
3-97 
3-84 


59 
63 
68 
61 
56 


69 
75 
80 
76 
70 


37 
22 
19 
38 
35 


106 

97 

99 

114 

105 






From extract. 



The author has worked out a new method for examining 
ammoniacum, in which the crude product is used and not an 
extract; and the results obtained therewith give the first 
values actually referring to the unaltered crude product. The 
acid value is determined in one of two ways, either by the 
Keichert-Meissl method — distilling off the volatile matter — or 
by dissociating the ammoniacum, adding alkali, and titrating 
back in exactly five minutes. Direct titration is impracticable 
owing to the absence of a well-defined colour-change, the end 
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point being masked by intermediate gradations of yellowish 
red. The operation of dissociating the crude drug with water 
and alcohol is necessary to dissolve out the acid constituents 
and render them accessible to the excess of alkali, which is 
left to act for only five minutes, since longer exposure 
would result in saponification. The total saponification 
value (G.-V.-Z.) is found, together with the resin (H.-Z) 
and gum (G.-Z.) values by fractionation methods. 

The modus operandi is as follows : — 

(a) Volatile a/yid value (S.-Z. f.).^ — One-half grm, of 
ammoniacum is suffused with a little water in a flask 
through which a current of hot steam is then passed, the 
flask being placed in a heated sand bath to prevent excessive 
condensation of the steam. The receiver is charged with 
40 c.c. of aqueous | caustic potash, into which dips the 
tube coming from the condenser. Exactly 500 c.c. are 
distilled over, the tube is well rinsed with distilled water, 
from the top downwards, and the liquid is titrated back in 
presence of phenolphthalein. The number of c.c. of KHO 
combined gives the volatile acid value when multiplied by 
28-08. 

" In this case, the volatile acid value expresses the number 
of mgrms. of KHO which 500 c.c. of distillate, obtained from 
0*5 grm. of ammoniacum by steam distillation, are capable of 
combining." 

(&) Acid value, ind, (S.-Z. ind.). — About one grm. of 
ammoniacum is boiled with 50 grms. of water for fifteen 
minutes, followed by 100 grms. of alcohol for an equal time, 
under a reflux condenser. After cooling, the weight is made 
up to 150 grms., and, after filtration, 75 grms. of filtrate 
(=0*5 grm. of substance) are treated with 10 c,c. of 
alcoholic | potash, left to stand for exactly five minutes, 

^ Satire Zahl fluchtig. 
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and titrated back with | sulphuric acid and phenolphthalein. 
The volume (c.c.) of KHO combined, multiplied by 28*08 
and referred to 1 grm. of substance, gives the acid value 
(indirect). 

(c) Resin value and gum value (H.-Z. and G.-Z.). — Two 
samples (1 grm. each) of ammoniacum are titrated, and each 
is suffused with 60 c.c. of petroleum benzine (sp. gr. 0*700 
at 15°C.), followed by 25 c.c. of alcoholic ? potash, and then 
left for twenty-four hours, at room temperature, in stoppered 
litre flasks, with frequent shaking. The one sample is 
then treated with 500 c.c. of water, and titrated back with 
I sulphuric acid and phenolphthalein — this gives the " resin 
value." The second sample is treated with 25 c.c. of 
aqueous ^ potash and 75 c.c. of water, and left, with frequent 
shakings, for another twenty-four hours, to be then diluted 
with 500 C.C. of water, and titrated with | sulphuric acid and 
phenolphthalein, accompanied by agitation. The result gives 
the " total saponification value " (G.-V.-Z.). 

The respective quantities (c.c.) of KHO consumed 
multiplied by 28*08 give the corresponding values. 

The " gum value " is found by subtracting the resin value 
from the total saponification value. 

{d) Loss at 100°(7. — Two grms. of ammoniacum are dried 
in the oven at 100°C. until constant. 

All values must be calculated to the unaltered crude drug. 

(e) Test for galbanum, — Five grms. of the finely ground 
ammoniacum are boiled in a small basin with 15 grms. of 
strong hydrochloric acid (sp. gr. 1*19) for fifteen minutes 
and filtered through a previously moistened, doubled filter. 
The clear filtrate is then carefully supersaturated with 
ammonia ; whereupon, if galbanum be present, the liquid will 
exhibit, in reflected light, the characteristic blue fluorescence 
of umbelliferon. 

1 Q 
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The commercial varieties examined by the author gave 
the following results : — 

VolatUe acid value (S.-Z. f.) . 100-200 

Acid value, ind. (S.-Z. ind.) 

Resin value (H.-Z.) . 

Gum value (G.-Z.) . 

Total saponification value (G.-Y.-Z.) 

Loss at 100° C. . . . 

.^vsn ..... 



90-105 
99-4 -155-4 
70 - 46-2 
145-6 -162-4 
2-15—12 per cent 



not over 10 „ 

The author has also applied the method to adulterated 
samples, and found that in presence of adulterants the resin 
and total saponification values are diminished, as follows : — 

Ammoniacum Resin Yal. Gum. Y'al. Total SaponYal. 

with— (H.-Z.). (G.-Y.). (G.-V.-Z.). 

5 per cent of Galbanum . 11200 15*4 127-40 

10 „ „ . 124-60 5-2 129-80 

20 „ „ . 120-40 15-4 135-80 

So far as the acid value is concerned, that of the volatile 
matters is unsuitable for detecting adulteration ; moreover, 
the method is a tedious one, and, like the Eeichert-Meissl 
value method for fats, requires a deal of practice. On this 
account the author recommends the indirect acid value 
method as being more convenient and easier. It should be 
stated that a good ammoniacum ought to show a high volatile 
acid value and resin value, but a low gum value. 

The following values were furnished by African ammonia- 
cum examined by the author's method : — 

Acid value, ind. (S.-Z. ind.) . . . 47-59- 92-21 
Resin value (H.-Z.) .... 103-89-104-59 
Total saponification value (G.-Y.-Z.) . 105-30-108-10 

The acid value (direct) in particular, of the African 
variety, fluctuates within rather wide limits, owing to the 
relatively considerable impurity of the drug. All the values are, 
in general, far lower than those given by Persian ammonia- 
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cum, and both the resin and the total saponification values are 
lower than in the case of galbanum (q,v.), A specimen of 
"ammoniacum depuratum"gave the acidvalue(ind.)82'34-100. 

Speaking generally, the author's method enables the crude 
drug to be used for analysis — bearing in mind the provisions laid 
down in the introductory remarks to this section — and also 
facilitates the accurate observation of the end-point in titration. 

Mauch found that, like nearly all gum resins, ammonia- 
cum is soluble in 60 per cent, chloral hydrate solution; and 
he recommends, for determining the gum, that the solution 
prepared with chloral hydrate (1—2 grms. in 10-15 grms.) 
should be filtered into 100 grms. of strong alcohol. By this 
means he obtained up to 21 per cent, oif nearly pure gum. 

Gregor and Bamberger found — 

Gregor. Bamberger. 
Methoxyl value (M.-Z.) . 8*6 11-0 

9-0 — 

(For the worth of these tests, see Cfiem. Bev., 1898, 
No. 10; and for the Germ. Pharm. tests for ammoniacum, 
see Fh, a, 1898, No. 21.) 

BIBLIOGRAPHY. 

Beckurts and Bruche, A. d. Ph., 1892.— E. Dieterich, I. D. d. H. A., p. 34. 
— K. Dieterich, H. A., 1896, pp. 82, 83 ; 1897, pp. 321, 322 ; Ph. C, 1898, No. 
21 ; 1899, No. 31 ; Chem. Rev., 1898, No. 10.— Gregor and Bamberger, Oest. 
Ch. Ztg., 1898, Nos. 8 and 9.— Kremel, N. z. P. d. A., 1889.— Hirschsohn, A. 
d. Ph. 209, p. 187.— Mauch, I. D. Strassburg, 1898.— Picards, Ph. C, 1897, 
p. 596.— Plugge, Ph. C, 1884, p. 121 ; A. d. Ph. 221, pp. 801-811.— Thorns, 
Ph. C, 1890, p. 643. 

43. Bdellium. 

Gummi-resina Bdellium. 

Origin and Habitat. — African bdellium: Commiphora 
Africana^ (Burseracese) ; East Indian bdellium: Balsamo- 
dendron Indicum (Burseracese). Senegal, East Indies. 

^ The real origin of bdeUium is just as uncertain as that of myrrh. See 
Holmes' Ph. Ztg., 1899, No. 28, p. 237, and P. Siedler, Ap. Zty., 1897, No. 2. 
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Chemical Constituents. — Owing, as stated by Fltickiger, 
to the circumstance that the experiments have been performed 
on specimens of doubtful origin — whether African or Indian 
— the constituents cannot be given with certainty. Fliickiger 
found — resin, 70 per cent. ; small quantities of ethereal oil 
and gum, 29 per cent. 

Gteneral Properties and Commercial Varieties. — Bad 
Indian bdellium takes the form of shapeless agglomerated 
lumps about one inch in diameter, extremely dirty, resembUng 
myrrh, and very impure. Externally they are rough, uneven, 
dull, and of dark brown colour, with a lustrous fracture, a 
sharp, bitter flavour, and an odour resembling Bisabol myrrh. 
With water the gum resin furnishes a whitish emulsion. 

African bdellium is in reddish, oval or round lumps about 
half an inch across, which have a greasy lustre, and become 
soft and plastic when warmed. The gum resin gives with 
alcohol a golden yellow tincture, which is rendered turbid by 
water. Whereas a strip soaked in myrrh tincture and dried 
gives a bluish red coloration with nitric acid, this reaction 
does not occur in the case of bdellium (Berg). 

As mentioned under Myrrh, bdellium does not give the 
reaction with bromine vapour, and it differs analytically from 
both varieties of myrrh (see below.) With regard to the 
origin and varieties of bdellium, Thiselton Dyer stated that 
this drug is exported from Berbera, a small port on the east 
coast of Africa, and is generally identified with the West 
African product on which the same name was bestowed by 
Guibourt. According to Eoyle, bdellium comes from Balsamo- 
dendron Africanum, Arnott, and Guibourt is of the same 
opinion ; descriptions are given by Dymock and Parker. 
Eoyle's Materia Medica gives the report, communicated by 
Johnston in dealing with myrrh, that two varieties of the 
parent plant occur at Adel : the one, a low, thorny, ragged- 
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looking tree, described by Ehrenberg, yields the best com- 
mercial myrrh (Balsamodendron myrrha, or one of the forms 
of B. opdbalsamum) ; the other, a tree rich in foliage, with 
coarsely serrated, dark green leaves, springing in fours or 
fives from a common centre, and with dried-up fruit 
berries, is probably B. Kua, Thiselton Dyer is of opinion 
that B, myrrha furnishes myrrh, and B, Kua, African 
bdellium. 

Opaque bdellium is described by Parker as opaque, 
ochreous yellow in colour, with a conchoid fracture, very 
hard, inodorous, of bitter flavour, and often occurring ar 
large, elliptical lumps with a granulated surface. It is 
shipped to India vid Berbera. According to Dymock, opaque 
bdellium is often found in the bales of myrrh when these are 
sorted at Bombay ; the drug is called " Meena harma," and is 
used as a remedy for the Guinea worm. According to the 
same author, opaque bdellium is of a yellowish white colour, 
similar to ammoniacum. Parker, however, regards Dymock's 
drug as the same gum resin that Vaughan names " Hotai." 
He states that the tincture from pure opaque bdellium 
gives an intense greenish black reaction with ferric chloride, 
whereas the Hotai tincture does not. Parker gives Balsamo- 
dendron Playfairii as the origin of bdellium. 

Dymock, in his Indian Pharmacognosis, describes two 
kinds of Indian bdellium. The one, from Balsamodendron 
Mukul, resembles the African drug in general, but is lighter, 
and often greenish in colour, with different odour and taste ; 
many of the lumps are vermiform in shape, and as thick as the 
little finger. This kind is worth about one-third less than the 
African drug. The second kind comes from B, Roxburghii, 
and is in irregular lumps, more or less covered with dirt, 
bark, and hair ; it is of a greenish yellow colour, with a 
tinge of red. The consistence is waxy, soft, and brittle, the 
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odour peculiarly balsamic, recalling cedar wood, and the 
taste bitter. With water this grade forms a greenish white 
emulsion. It is not impossible that the two kinds are 
identical, and both derived from B. Mvkid. 

As even now, the published reports on the parent plants 
of myrrh, bdellium, and allied resins are still contradictory, 
any definite statement as to bdellium would be premature. 

Adulterants. — Inorganic and vegetable impurities. 

Analysis. — As already mentioned under Myrrh, the 
author has found bdellium give very low values in com- 
parison with myrrhs; and it does not give the bromine 
reaction like Herabol myrrh. 

Hirschsohn examined a number of specimens, and found 
the following percentages of solubility in petroleum ether : — 



Bdellium Indicum 
Do. do. 

Do. Africana 
Do. do. 

Do. do. 



Dried at 17' C. 
13-37 
16-57 
36-09 
35-68 
21-70 



at 120** C. 
11-29^ 
9-87 
35-61 
34-79 
20-31 



Per cent 
soluble. 



I 



According to these figures, petroleum ether dissolves out 

considerably more from the African kinds than from the 

Indian. (See also the analytical differences below.) 

Kremel found — 

74-3 per cent, of resin. 

Acid value, d. (S.-Z. d.) . . . 28-3 

Ester value (E.-Z.) .... 119*3 

^Saponification value, h. (V.-Z. b.) . . 147*6 

the last three values by the usual method. 

Bdellium being a myrrh-like gum resin, the author has 
examined it by precisely the same method as devised by 
himself for myrrh, and using the crude product instead of 
an extract, as follows : — 



From 
extract 
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{a) Acid value, d, (S.-Z. d.). — One grm. of finely pulverised 
bdellium is taken from a large average sample of the 
powdered drug and suffused, with 30 c.c. of distilled water, 
the whole being then heated for fifteen minutes under a 
reflux condenser. After adding 50 c.c. of strong alcohol, 
the mixture is boiled for fifteen minutes on a steam bath 
and under a reflux condenser. When cold, the liquid is 
titrated with alcoholic | caustic potash and phenolphthalein 
until actual red coloration occurs. The ~ alkali is used 
instead of ^, because the colour-change is quicker and 
more sharply defined with a single drop of the stronger 
alkali than with the other. The acid value is found by 
multiplying the number of c.c. of consumed alkali by 28*08. 

(b) Saponification value, h. (V.-Z. h.). — A second average 
sample (1 grm.) of bdellium is suffused with 30 c.c. of water, 
left to stand half an hour, and then treated with 25 c.c. of 
alcoholic ~ potash. After boiling half an hour on the steam 
bath and under a reflux condenser — 

(e) The ester value is obtained by subtracting the acid 
value from the saponification value. 

{d) Percentage soluble in alcohol. — Ten grms. of substance 
are extracted with strong (96 per cent.) alcohol, and the 
extract is dried at 100° C. until constant. 

The author has obtained the subjoined results : — 

Acid Ester Sapon. 

Value, d. Value Value, h. 
(S.-Z. d.). 

ri2-79 
African bdellium . . . mi-iq 

Vo. do. . . . 1 11-96 

Do. do. ... j 



Indian do. . . . -[ 



20-81 
35-69 
37-19 



(E.-Z.). 


(V.-Z. h.) 


70-00 


82-79 


69-33 


83-76 


96-39 


106-12 


95-57 


107-53 


90-66 


109-87 


90-14 


110-95 


46-75 


82-44 


48-46 


85-65 
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These values are just as suitable for differentiating the 
two kinds, as the percentage of solubility in the petroleum 
ether method already mentioned. 

BIBLIOGRAPHY. 

K. Dieterich, Ph. C, 1899, No. 31.— Th. Dyer, Ap. Ztg., 1897, p. 104.- 
Hirschsohn, A. d. Ph. 213, p. 316.— Kremel, N. z. P. d. A., 1889. 

44. Euphorbium. 

Gummi-resina Eicphorhium (officinal in Germ. Pharm. III.). 

Origin and Habitat. — Euphorbia resinifera (Euphor- 
biaceae). Morocco. 

Other species of Euphoi^hia, such as E. Gattimandoo, E. eve- 
mocorpus, E. pilulifera, E. helioscopia, E, geniculata, E. IcUhyriSf 
E, Tirucalli, also yield milky juices which contain euphorbon, 
are similar to euphorbium, and for the most part are utilised. 

G. Henkel {A. d. Ph, 224, p. 729) examined numerous 
kinds of euphorbium, and his valuable work is worthy 
of special reference. He examined the drug from E, resini- 
fera) E. tetragona; E. Myrsinites, L. ; E, orientalis, 1j.] E. 
virgata, W.; E, Lagascce, Spr. ; E. Immifitsay W. ; E, splendefis, 
B. ; E. Ganariensis ; E. friogona ; E. nereifolia ; E. virosa ; E. 
palustris ; E. Gprardiana, ; E, verrucosa, L. ; E. exigua, L. ; E. 
Gyparissias, L. 

Chemical Constituents. — Euphorbon (C15H24O), 22 per 
cent.; gum, 18 per cent.; caoutchouc; salts of malic acid; 
ash, 10 per cent.; amorphous acrid resin, 38 per cent. 
(Eliickiger.) 

Pure euphorbium, divested of impurities, contains — 
euphorbon, 34*60 per cent.; resin soluble in ether, 2695 
per cent.; resin insoluble in ether, 14*25 per cent.; 
caoutchouc, 1*10 per cent.; malic acid, 1*50 per cent; gum 
and salts, precipitable by alcohol, 8*10 per cent.; gum 
and salts, not thrown down by alcohol, 12*30 per cent; 
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I salts and organic matters soluble in ammonia, 1*20 per cent. 
; (HenkeL) 

Euphorbium, from K Cattimandoo, exhibits similar con- 
stituents to that from E. resinifera — 

Euphorbon, 35 per cent.; resin soluble in ether, 27*4 
per cent. ; resin insoluble in ether, 13*7 per cent. ; caoutchouc, 
1*5 per cent.; malic acid, 1*15 per cent.; gum and salts, 
precipitable by alcohol, 7*6 per cent. ; gum and salts, not 
precipitable by alcohol, 12*15 per cent.; salts and organic 
matters, soluble in ammonia, 1*5 per cent. (Henkel.) 

General Properties and Commercial Varieties. — 
Eeadily pulverable, dull yellow lumps, enveloping the 
diacanthine leaf pads, the flower forks, and the three-lobed 
fruit. Euphorbium is slightly soluble in water, and almost 
completely so in alcohol. The taste is burning and acrid, 
and the powder induces sneezing. 

Adulterants. — Inorganic and vegetable impurities. 

Analysis. — Hirschsohn describes a kind of euphorbium, 
from E, resinifera, which yielded 20 per cent, of matters 
soluble in petroleum ether (drying effected at 120° C). 
Euphorbium from E. Tirucalli gave 66*71 per cent. 

According to Hirschsohn, this gum resin differs from 
ordinary euphorbium in being almost completely soluble 
in chloroform. 

For the other kinds of euphorbium and their properties, 
see A, d. Ph. 224, pp. 729 et seq. (Henkel.) 

Beckurts and Briiche found (usual method) — 

I. II. III. 

rAcid value, d. (S.-Z. d.) . .18 25 21 

^l^^ i Ester value (E.-Z.) ... 63 68 49 

extract [ Saponification value, h. (V.-Z. h.) 81 93 70 

Ash 2-0% 1-8% 1-3% 

but regarded the results as obtained from an insufficient 
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number of specimens to permit of any conclusions being 
drawn therefrom. 
Kremel found — 

Acid value, d. (S.-Z. d.) . • . . . . 13*4 

Ester value (E.-Z.). ..... 64*6 

Saponification value, h. (V.-Z. h.) . . . 78*0 

by the usual method. 

The author has devised the following method, based on 
the employment of the crude product instead of extracts, the 
saponification being effected by the fractional cold process, as 
in the case of other gum resins — 

(a) Acid value, d. (S.-Z. d.). — About one grm. of finely 
pulverised euphorbium is suffused with 100 c.c. of alcohol, 
warmed for fifteen minutes under a reflux condenser, and 
titrated, when cold, with alcoholic ^ potash and phenol- 
phthalein until the red colour-change appears. The number 
of c.c. consumed, referred to 1 grm. of substance, gives the 
acid value. 

(h) Resin and total saponification value (H.-Z. and 
G.-V.-Z.). — Duplicate 1 grm. samples are pulverised and 
suffused, each with 50 c.c. of petroleum benzine (sp. gr. at 
15° C. = 0-700) followed by 25 c.c. of alcoholic ^ potash, the 
whole being then left in stoppered litre flasks for twenty- 
four hours at room temperature, with frequent shaking. The 
one sample is then diluted with 500 c.c. of water, and titrated 
back by agitating with ~ sulphuric acid and phenolphthalein, 
the result giving the resin value. The second sample is 
treated further by adding 25 c.c. of aqueous ^ potash and 
75 c.c. of water, and leaving for a further twenty-four hours, 
with frequent shaking. After dilution with 500 c.c. of water, 
the whole is titrated back by agitation with | sulphuric acid 
and phenolphthalein, the result giving the total saponifica- 
tion value. 
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The respective volumes (e.c.) of KHO consumed multi- 
plied by 28*08 give the corresponding values. The difference 
between the two is the " gum value." 

The following values were obtained by the author : — 

Acid Resin Total Sapon. Gum 
Val., d. Val. Val. Val. 

(S.-Z. d.). (H.-Z.). (G.-V.-Z.). (G.-Z.). 

1. Euph erbium electum . 13*4 i 



pulvis . 25-0 / 

/72- 
172- 

{ 



2. Do. 

3. Do. do. . 21-00 

4. Do. do. . 19-60 
Gregor and Bamberger found — 



40 
77 00 
72-80 
72-10 

80 
77-00 
78-40 



85-40 


14-00 


88-20 


16-80 


86-80 


9-80 


85-40 


12-60 


82-60 


10-50 


85-40 


12-60 


89-60 


12-60 


91-00 


12-60 



Methoxyl Value — 
I. II. 

Gregor ... 0-0 2*8 

Bamberger . . . 0-0 0-0 

(For the worth of these determinations, see Chem, Rev,, 

1898, No. 10.) True analytical data for the scarcer varieties 

of euphorbium are altogether lacking. 

BIBLIOGRAPHY. 

Beckurts and Bruche, A. d. Ph. 230, p. 91.— K. Dieterich, H. A., 1896, 
p. 68 ; Chem. Rev., 1898, No. 10. — Gregor and Bamberger, Oest. Ch. Ztg., 
1898, Nos. 8 and 9.— Hirschsohn, A. d. Ph. 211, p. 448.— G. Henkel, A. d. 
Ph. 224, p. 729— Kremel, N. z. P. d. A., 1889. 

45. Galbanum. 

Gummi-redna Galbanum (officinal in Germ. Pharm. III.). 

Origin and Habitat. — Peucedanum {Ferula) galhani- 
fiuum and allied species (Umbelliferse). Persia. 

Chemical Constituents. — Ethereal oil, 9*5 per cent., 
containing CjoHig and C15H24 (Wallace and Brtihl), and oil 
ester (Conrady); resin soluble in alcohol, 63*5 per cent.; 
gum and impurities, 27 per cent. The pure resin contains 
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combined umbelliferon, 20 per cent; galbaresinotaimol 
(CgHioO or CigH-jgOgOH), and free umbelliferon, 0*25 per 
cent. According to Conrady, the galbaresinotannol and 
umbelliferon are present as umbelliferon galbaresinotanDol 
ester. 

General Properties and Commercial Varieties. — Ag- 
glomerated tears or masses, of wavy lustre and yellow or 
greenish colour. The in massa kind is impure, but 
contains much ethereal oil, to which its greasy consistence 
is due. The presence of the oil renders this kind particu- 
larly suitable for pharmaceutical purposes. The in 
lacrymis variety is purer, and in the form of grey globular 
masses which exhibit a white fracture. The drug always 
contains vegetable fragments. The odour is strongly balsamic, 
the flavour bitter, sharp, and burning. Galbanum is but 
partially soluble in water, alcohol, and other solvents. 
When boiled with hydrochloric acid and supersaturated 
with ammonia, the filtrate exhibits the beautiful blue 
fluorescence of umbelliferon. According to Holmes, the so- 
called fluid Persian galbanum comes from a species allied 
to Peucedanuin galbanijiuum, and is to be met with in 
commerce at the present time ; the consistence is about that 
of turpentine. The difference that formerly existed between 
Levantine galbanum (in tears and mass) and Persian 
galbanum (in mass and as a viscous fluid) can now be 
scarcely maintained ; similar gum resins being furnished by 
difierent species of Ferula, and Persia being the main source 
of the supply. According to Holmes, all galbanum is 
Persian, even though the produce of different species; 
consequently the differences stated by Hirschsohn to exist 
between the Persian and Levantine gum resins appear 
dubious. Thoms has recently proposed Laretia resin, from 
Larctia acaulis (Umbelliferse), which occurs in Chili, as a 
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substitute for galbanum. The resin contains umbelliferon, 
and gives, in a slight degree, the hydrochloric acid reaction 
prescribed for galbanum in the German Pharmacopoeia, 
though not the ammonia reaction. 

Adulterants. — Inferior extracted galbanum, sand, fatty 
oils, Persian and African ammoniacum, turpentine. 

Analysis. — Apart from the odour, galbanum is dis- 
tinguishable from ammoniacum by the presence of umbelliferon, 
and its reaction, and differs in appearance from African 
ammoniacum, which also gives the umbelliferon reaction. 

Hirschsohn examined several kinds of galbanum, and 
gave chemical methods of distinguishing between the Persian 
and Levantine gum resin ; but, as already stated, these are 
no longer applicable. According to this authority, galbanum 
in massis should contain not less than 60 per cent, of 
matters soluble in petroleum ether (drying temperature, 
120°C.). Like Holmes, he also ascribed the fluid Persian 
galbanum to a separate species of Ferula or Peucedanum, 

Kremel found — 

Resin, per cent .... 

y TAcid value, d. (S.-Z. d.) . 

< Ester value (E.-Z.) .... 
I Saponification value, h. (V.-Z. b.) 

by the usual method. 

E. Dieterich found — 

G. crudum. G, depuratum, 

-p rAcid value, d. (S.-Z. d.) . 5-16- 68-80 19-32- 46*26 

^^^ J Ester value (E.-Z.) . . 8210-179-00 55-70-91-40 

[Sapon. value, h. {Y,-Z, h.) 108-00-24100 75-02-121-80 

Loss at 100° C. . . 1-10- 30-98% 8-61% 

Ash ... . 0-45- 31-31% 015- 210% 

Soluble in 90% alcohol . 17-83- 71-50% 45-60-92-16% 

Insoluble in 90% alcohol . 45-58- 91-33% 11-40-37-24% 

Water .... 21-40% — 



extract 



I. 


II. 


74-3 


74-2 


28-3 


28-3 


119-3 


132-2 


147-6 


160-5 



extract 
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This authority was in favour of purifying the gum resin, 
since the percentage of ash would be thereby reduced by 
about one-half. (See Introductory Eemarks to this section.) 

Conrady, who occupied himself assiduously with gal- 
banum, and must be regarded as a true connoisseur, states 
as follows : — 

" My observations on the ash content, etc., fully coincide 
with the reports of E. Dieterich. So far as concerns the 
lower acid and ester values of galbanum this is readily 
explicable, in that, according to a private communication, 
the ethereal oil is first driven over with steam, and with it 
the free fatty acids, since, in view of the difficult saponification 
of galbanum, the liquid esters which are saponified by this 
treatment can alone be in question. The distillation could 
of course be easily dispensed with, and cold extraction with 
petroleum ether be practised, the unsaponified oil being then 
returned to the purified resin. In such case the Galbanum 
dcpuratum would really merit that title, and meet all the 
requirements of the Pharmacopoeia ; for I was able to 
detect both the free umbelliferon and also that combined 
by saponification. The purified galbanum also gives the 
same hydrochloric acid reaction as the crude drug, on which 
account a portion of the oil is probably not fully saponified. 

" The sinking of the ester value is the sole noticeable 
difference from crude galbanum, and therefore a minimum 
ester value of 130 might be required of all galbanum. Of 
course, as already laid down by Liidy for benzoin, an exact 
limit of time for the saponification process must be fixed. 
It would be still better, in the case of galbanum, to saponify 
10*0 by the aid of steam, and titrate the distillate direct; 
this would mean that only the acid from the liquid esters 
would be titrated — the advantage of this being to facilitate 
the fixing of a standard for the acid and ester values within 
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narrow limits, owing to the slight fluctuation in the per- 
centage of ethereal oil exhibited by the current commercial 
varieties of the drug." 

Subsequently it was shown by the author that the 
determination of the acid value, as advocated by Conrady, 
cannot be efifected so simply, but requires special precau- 
tions. Furthermore, the author has shown that his method 
of determining the acid value, based on the Eeichert-Meissl 
principle, is tedious, and requires much practice. On this 
point more will be said later. 

Beckurts and Briiche found — 

From extract 



Sp. gr. Ash 

at 15^ C. % 

1. G.depuratumMlO 4*0 

2. Do. 1130 8-7 

3. Do. M09 4-1 

4. Do. M33 S-4 

5. G. in granis M21 49 



Sol. in Acid Ester Sapon. 
Alcohol Val.,d. Val. Val, h. 
% (S.-Z.d.). (K-Z.). (V.-Z.h.). 



63 
56 
58 
54 
60 



22 
19 
40 
19 
25 



82 
91 
69 
63 
90 



104 
110 
109 
82 
115 



The authors remark that the ash content is in direct 
ratio to the sp. gr., so that galbanum with the highest sp. gr. 
also exhibits the largest percentage of ash. In addition, 
they recommend the acid, ester, and saponification values 
as means for detecting adulteration, without, however, giving 
any results obtained on this head. 

The present author has worked out a new method for 
galbanum, and examined a large number of kinds, the results 
showing that Conrady's proposal for determining the acid 
value is impracticable ; the exhibition of alkali being 
necessary to prevent loss. 

As this method is nevertheless tedious, and entails much 
practice, the author applied to galbanum the same convenient 
method he uses for ammoniacum {([.v.), the gum resin being 
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dissociated, and then titrated back, for the same reasons 
as with ammoniacum. The resin, gum, and total saponi- 
fication values are determined by the cold fractionation 
method. The author's method presents the advantages of 
furnishing liquids easily titrated, enabling the crude product 
to be used — not extracts — and giving concordant values, so 
far as these can ^ 'priori be expected from gum resins. 

He proceeds as follows : — 

(a) Volatile acid value (S.-Z. f.). — One-half grm. of 
galbanum, triturated as finely as possible, is suffused with a 
little water in a flask, through which hot steam is then 
passed, the flask being heated on a sand bath, in order 
to prevent excessive condensation. The receiver is charged 
with 40 C.C. of aqueous I potash, into which dips the tube 
coming from the condenser. Exactly 500 c.c. are collected; 
the still tube is well rinsed with distilled water, from above 
downwards, and the liquid is titrated back in presence of 
phenolphthalein. The volatile acid value is calculated by 
multiplying the volume (c.c.) of consumed KHO by 28*08, 
and expresses the weight (mgrras.) of KHO fixed by 500 c.c. 
of distillate, obtained from 0*5 grm. of galbanum by steam 
distillation. 

(h) Acid value, ind. (S.-Z. ind.). — About one grm. of gal- 
banum is dissociated by boiling with 50 grms. of water 
and 100 grms. of alcohol in succession, each for fifteen 
minutes, under a reflux condenser. When cold, the weight 
is made up to 150 grms. with the employed substance, 
filtered, and 75 grms. of the filtrate =05 grm. of substance 
are treated with 1 c.c. of alcoholic ^ potash. After leaving 
for exactly five minutes the liquid is titrated back with 
~ sulphuric acid and phenolphthalein, the number of c.c. 
of KHO consumed multiplied by 28*08 and referred to 
1 grm. giving the acid value. 
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(c) Resin vahie (H.-Z.) and total saponification value 
(G.-V.-Z.). — Two 1 grm. samples are each suffused with 
50 c.c. of petroleum benzine (sp. gr. 0'700 at 15° C), 
followed by 25 c.c. of alcoholic | potash, and left for 
twenty-four hours in closed 1 litre flasks, at room temperature, 
with frequent shaking. The one sample is then diluted 
with 500 c.c. of water, shaken up, and titrated back with 
I sulphuric acid and phenolphthalein, the result giving 
the resin value. The other sample is treated further with 
another 25 c.c. of alcoholic y potash and 75 c.c. of water, 
and left for another twenty-four hours, with frequent shaking. 
It is then diluted with 500 c.c. of water, and titrated back, 
by agitation, with ^ sulphuric acid and phenolphthalein. 
This gives the total saponification value. 

The respective volumes (c.c.) of KHO consumed give 
the corresponding values, after multiplication by 28*08. 
The difference gives the gum value. 

{d) Ash determination, — One grm. of galbanum is incin- 
erated carefully and calcined until found constant, after 
cooling in the desiccator. 

{e) Loss at 100° C. — One grm. of galbanum is dried 
at 100° C. in the oven till constant. 

The following limits of value were obtained by the 
author from a large number of specimens : — 



Volatile acid value (S.-Z. f.) 
Acid value, ind. (S.-Z. ind.) 
Resin value (H.-Z.) . 
Total saponification value (G.-V-Z.) 
Gum value (G.-Z.) . 

xxSlX • . . . • 

Loss at 100" C. . . . 



73-5 -114-0 

21-24- 63-45 

107-5 -122-5 

116-2 -135-8 

8-4 - 16-1 

1-10 per cent. 



0-35-31-5 



>> 



Further analyses performed by the author show that, 

contrary to the opinion of Beckurts and Briiche, the ester, 
19 
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Galbanum with — 

1. 5 % of ammoniacum 

2. 10% do. 

3. 20% do. 

4. 5 % of asaf oetida 

5. 10% do. 

6. 20 % do. 



Average. 

75-52 

74-67 

62-16 

111-30 

120-12 



Acid Value, 

ind. 
(S.-Z. ind.). 
29-00-37-68 
33-00-47-00 
42-34-66-51 
34-77-46-13 
29-84-36-66 

21-45-29-87 



and saponification values, or resin, total saponification, and 
gum values are not suitable for detecting adulteration, 
though the acid values are in both methods. 
The results obtained are subjoined : — 

Volatile Acid 
Value 
(S.-Z. f.). 
75-60- 83-44 
70-00- 79-52 
59 92- 64-40 
10500-117-60 
119-28-120-96 
jdetectable by the odour, "^ 
\ as were also 4 and 5. j 

From these figures it is evident that adulteration with 
ammoniacum decreases the volatile acid value, whereas 
asafoetida has the reverse eflfect. Even as low as 5 per 
cent, of asafoetida is revealed by its penetrating smell 
during the distillation. On the other hand, the indirect 
acid value is raised by ammoniacum (which has a higher 
acid value), but is reduced by asafoetida. 

Neglecting the qualitative reactions of Picards and 
Plugge, the quantitative acid values (/. and ind,) are to be 
recommended for this purpose. 

The high percentage of ash — 30 per cent. — is, of course, 
abnormal, 10 per cent, being the maximum that a good 
galbanum should exhibit — as expressed by the Swiss Pharma- 
copoeia, which prescribes 8 per cent, of ash as the highest 
limit. No mention is made of ash content in the German 
Pharmacopoeia. 



Gregor and Bamberger found- 



Grecor 



Bamberger 



Methoxyl value 

(M.-Z.). 

3-7 

3-7 
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The worth of these values is criticised in Chem. Bcv., 
1898, No. 10; and the Germ. Pharm. III. tests for gal- 
"bamira iu Ph. C, 1S9S, No. 21. Finally, it may be 
mentioned that, according to Mauch, galbanum dissolves iu 
C7 per cent, chloral hydrate, forming a yellow liquid, which is 
Tendered milky by water and turbid by alcohol, gum being 
<iepo3ited. The umbelliferon reaction is also furnished by 
this solution. 

BIBLIOGRAPHY. 
Beckurts and BrllohB, A. d. Ph. 230, p. 90.— Conrady, A. d. Ph. 23i 
©8-12S.— E. Diaterioh, Ph. C, 19S3, p. 612 ; I D. d. H. A., p. 35. 
Dieterieh, H. A., 1396, pp. Z17-135 ; 1897, p. 323; Ph. C, 1899, No. 31 ; 
IXo. 21; Chem. Rev., 1838, No. 10.— Qregor and BambergBr, Oeat. Ch. Ztg., 
3S;o9. 8 and 9.— Hiraohaohn, A. d. Ph. 200, p. 187.— Kremel, N. z. P. d. A., 
Mauch, I. D. Straseburg, 1893. 

46. Gamboge. 

Gnmini-resina Gutti (officinal in Germ. Pharm. III.). 

Origin and Habitat. — Gardniu Mordla, D. (ClusiaceEe). 
Siam, CeyloQ. 

Chemical Constituents. — Gum (138 per cent), resin, 
gambogic aeid(70 per cent.), wax and ash, vegetable detritus; 
no ethereal oil. 

General Properties and Commercial Varieties. — 
Gamboge comes on the market in the form of pipes, up to 
three inches thick ; also cakes or lumps, of reddish yellow 
colour and large conchoid lustrous fracture. At 20° C. they 
float in carbon di-sulphide, but sink at higher temperatures ; 
and they furnish a yellow emulsion with water. The mass 
is plastic at 100° C. ; it is only partially Roluble in water, 
alcohol, and ether, and the solution has an acid reaction. 
The pipe forms are the best, then the cakes, and lastly, the 
mass form. There are two chief commercial varieties — Siam 
gamboge and Ceylon gamboge, but the latter ia rare. 
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Adulterants. — Vegetable impurities, rice meal, sand, dii 
starch, dextrin, and colophony ; the last-named, in particula 
being used to adulterate the powder. 

Analysis. — Gamboge has been frequently analysed. 

Williams found (usual method) — 



Acid value, d. (S.-Z. d.) 
Ester value (E.-Z.) 
Saponification value, hot (V.-Z.-li.) 
xxsn ••••.. 
Moisture ..... 



80-6 

67-2 

147-8 

0*48 per ceni 

3-70 



»> 



Costelo exhausted JO grms. of various samples, wit! 



alcohol, and found- 



( Lumps 
Gamboge in ^ Pipes 

V Powder 



Eesin. 
676 
7-93 
7-66 



Gum. 
2-74 
1-94 
2-25 



Impurities. 
0-38 
015 
0-07 



Total sol. 

in Alcoho 
9-88 
9-89 
9-98 



partly soluble. 



the balance being moisture. 

Von Schmidt and Erban found solubility in 

Alcohol 

Ether 

Methyl alcohol 

Amyl alcohol 

Benzol 

Petroleum ether 

Acetone 

Glacial acetic acid 

Chloroform 

Carbon di-sulphide 

Oil of turpentine 

Acid value, d. (S.-Z. d.). 
From extract -(Ester value (E.-Z.) 

, Saponification value, h. (V 

The foregoing values, being obtained from extract, are of 
merely relative worth in forming an opinion. 



. 80-3 
7 h'\i ^^^ examined. 



GAMBOGE 



293 



A. Kremel found — 

Eesin ..... 
( Acid value, d. (S.-Z. d.) 
From extract < Ester value (E.-Z.) 

I Saponification value, h. (V.-Z. b.) 



79*6 per cent. 
100 

56-7 
156-7 



Kremers figures also were obtained from extracts, and 
their value is therefore only relative. 



XJCU1V.I 


-IX to auu jji uuiic luuiiu 


I. 


II. 


III. 


INT. 




Ash, per cent. 


0-49 


0-63 


0-58 


0-71 




rAcid value, d. (S.-Z. d.) . 


89 


81 


69 


71 


From 


Ester value (E.-Z.) . 


61 


50 


43 


44 


extract 


Saponification value, h. 












I (V.-Z.h.) . 


150 


131 


112 


115 



The remarks made on Kremel's values also, apply here. 

As the best neutral solvent for gamboge the author 
recommends : strong alcohol, 2 parts ; water, 1 part, — ^lised 
in succession, not together. He has determined the acid 
value (direct), resin, total saponification, and gum values of 
the natural drug — not extract — (see fractional saponification 
in Part I.) by the following methods : — 

(a) Acid value, direct (S.-Z. d.). — One grm. of the finely 
triturated natural gamboge is warmed with 100 grms. of 
alcohol under a reflux condenser for fifteen minutes, 
50 grms. of water being added, and the whole left to stand 
until as much as possible has been dissolved. When quite 
cold, the liquid is titrated with alcoholic 5 caustic potash 
until the added drops of alkali no longer turn red, but the 
whole liquid assumes a red coloration. 

(h) Resin value and total saponijlcation value (H.-Z. and 
G.-V.-Z.). — Two 1 grm. samples of finely triturated gamboge 
— taken as average samples of a larger quantity — are each 
sufifused with 25 c.c. of alcoholic 5 potash, and are left for 
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twenty-four hours in tightly stoppered flasks. The one 
sample is then diluted with water and titrated, the 
volume (c.c.) of KHO consumed multiplied by 28*08 giving 
the resin value. The second sample receives an addition of 
25 c.c. of aqueous | potash, and is titrated back after 
standing twenty-four hours longer, the result giving the 
total saponification value. The gum value is obtained hj 
difference. 

This method enables the natural drug to be used, and 
also furnishes a readily detectable colour-change at the end- 
point. The preliminary dissociation with alcohol and water, 
in the proportion of 2 to 1 for the acid value determination, 
gives an almost complete solution easily titrated. 

The author obtained the following values : — 

Acid Value, d. (S.-Z. d.)— 
Natural gamboge (pipes) 1. 71*45 5. 86*46 

2. 78-60 6. 83-60 

3. 79-31 7. 84-31 

4. 85-03 



2. Do. 

3. Do. 

4. Do. 

5. Do. 





Resin Val. 
(H.-Z.). 


Total Sapon. Val. 
(G.-V.-Z.). 


Gum. Val. 
(G.-Z.). 


naturale 


/109-20 
1110-60 


127-40 
131-60 


18-20 
21-00 


pulvis 


/110-60 
1112-00 


124-60 
133-00 


14-00 
21-00 


naturale 


ri0500 
\l07-80 


121-80 
124-60 


16-80 
16-80 


do. 


/110-60 
ll 10-60 


128-80 
128-80 


18-20 
18-20 


electum 


/114-80 
\ll6-20 


137-20 
138-60 


22-40 
22-40 



The "pulvis" variety seems, like nearly all resins in 
powder, to be adulterated with colophony. 

A further noteworthy contribution on the testing of 
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) supplied by Eberhardt, who principally examines 
for starch. 

He proceeds as follows : — 

One grm. of the powder to be tested is dissolved in 5 cc. 
of potash, followed by an addition of 45 c.c. of water, and 
tinally an excess of hydrochloric acid. The turbid liquid is 
then filtered through cotton-wool, and one or two drops of 
iodine are added to the clear filtrate. In presence of over 
2 per cent, of starch there immediately ensues a dark blue 
coloration, or a similarly coloured precipitate is formed. The 
powdered commercial drug usually gives a yellow coloration, 
which afterwards turns blue ; pure gamboge, with 1 per cent. 
of added starch, gives a dull blue, which deepens on standing, 
!ind deposits a precipitate after several hours. Five to ten 
per cent, of starch gives a blue precipitate immediately. Five 
per cent, and under of turmeric gives decided starch reactions. 
If a precipitate be obtained at once, adulteration may be 
assumed, though sometimes adulterants are present when the 
drug is free from starch, in which event the resin determina- 
tion is the best test. Eberhardt determined the resin content 
in several specimens free from starch by dissolving in alcohol, 
and found 75'9— 81'4 per cent, soluble, with 18'G— 24'1 per 
cent, of residue. 

Woolsey also reports on adulterated gamboge, and lays 
down tiie minimum resin content as 70—80 per cent., with 
3—4 per cent, as the maximum for ash, and 4—6 per cent, 
moisture. 

According to Mauch, gamboge is soluble in five parts of 
a 60 per cent, solution of chloral hydrate. If the gum be 
determined by precipitation with alcohol, a very pure product 
(gum), amounting to 16 per cent, is obtained (Mauch). The 
method is also applicable to the detection of impurities (see 
Asafcetida). 
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Kitt determined the carbonyl value (C.-Z.) of gamboge as 
1-25-1-38. 

Gregor and Bamberger examined the methoxyl value, and 
found — 

Methoxyl Value (M.-Z.)— 

Gregor 3-7 0*0 

Bamberger .3-7 O'O 

(For the worth of these determinations, see Chem, Bev., 
1898, No. 10; and for the Germ. Pharmacopoeia tests, see 
the author's remarks in Ph. C, 1898, No. 21.) 
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47. Lactucarium. 

Lactucarium Germanicum. 

Origin and Habitat. — Lactuca virosa, L. (Compositae). 
Europe. 

Chemical Constituents. — Lactucin (crystalline, bitter 
principle), C11H14O ; lactucic acid (bitter and crystalline) (Kro- 
mayer) ; lactucon (neutral and crystalline), C15H24O (Ludwig) 
or C19H30O (0. Schmidt); asparagin (?) ; caoutchouc; ash, 10 
per cent. ; mannite (?). English lactucarium is of similar 
composition, there being no appreciable divergences. 
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Oeneral Properties and Commercial Varieties. — Lac- 

titcarium Germanicum forms tough, homogeneous, yellow- 
brown masses, somewhat waxy in fracture and hygroscopic. 
The taste is irritant, bitter, and narcotic. It is only partially 
soluble in water, ether, and alcohol. 

Laducarium Anglicum, which is also derived from Lactuca 
virosa, consists of irregular, larger and smaller granules, more 
or less obtuse angled, dull, friable, dark brown in colour, and 
non-hygroscopic. 

Lactucarium Gallicum, the " Thridax " of the ancients, 
comes from Lactuca saliva, and forms a fatty extract, blackish 
brown in colour. A lactucarium is also furnished by Z. 
Canadensis. 

Adulterants. — Inferior vegetable extracts, and various 
kinds of bread. 

Analysis. — No true analytical data on the German variety 
are available. 

Hanausek reported on an imitation lactucarium, consist- 
ing of brown granules of various sizes, devoid of odour or 
flavour, aud swelling up in water, to then fall into smaller 
granules. The examination showed the goods to consist of 
old wheaten bread. 

Kremel found an admixture of bread crumbs in various 
specimens of lactucarium, the adulteration being detectable by 
both chemical and microscopical means. If lactucarium be 
treated in an extractor, with 3 parts of alcohol and 1 of 
chloroform, the lactucon is the chief constituent dissolved, the 
extract amounting from 55—69 per cent, in the case of the 
pure drug. When an admixture of bread is present, the per- 
centage of extract is proportionally lower, and the percentages 
of moisture and ash are also affected thereby. The follow- 
ing analyses of three kinds of lactucarium may serve as 
examples : — 
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Chloroform-alcohol 




Moisture 


Ash 


Extract 




% 


% 


% 


I. 


5-80 


6-50 


57-46 


II. 


5-88 


4-51 


40-00 


III. 


10-84 


1-61 


11-54 



No. I. was pure Lactucarium Gerrnanicum ; Nos. II. and III., 
adulterated L. Austriacum. Swollen starch granules could 
be detected in the two latter under the microscope, and a 
blue coloration was furnished on testing a boiled sample 
with iodine, when cold. 

According to Kremel, lactucarium yields at least 50 per 
cent, of matters soluble in a mixture of 3 parts of alcohol 
and 1 of chloroform. 

The author has examined German and English lactucarium, 
and determined the resin and total saponification values 
by fractional saponification, according to the following 
method : — 

Two 1 grm. samples of lactucarium are triturated, and each 
suffused with 50 c.c. of petroleum benzine (sp. gr. 0*700), 
followed by 25 c.c. of alcoholic | potash, the whole being 
left to stand in the cold for twenty-four hours in stoppered 
litre flasks, with frequent shaking. The one sample is then 
diluted with 500 c.c. of water, and at once titrated back 
with I sulphuric acid and phenolphthalein, by agitation, the 
results giving the resin value. The second sample is further 
treated with 25 c.c. of aqueous ^ potash and 75 grms. of 
water, and is left for another twenty-four hours, with 
frequent shaking, at the end of which time it is diluted with 
500 c.c. of water and titrated back by | sulphuric acid and 
phenolphthalein, with agitation. The resulting figures 
represent the perfect *' total saponification value." The gum 
value is ascertained by difference. 
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The author obtained the following values :- 



1. Lactucarium Germanicum 



2. 


Do. 


do. 


3. 


Do. 


do. 


4. 


Do. 


do. 


5. 


Do. 




6. 


Do. 


Anglicum 


7. 


Do. 


do. 


8. 


Do. 


do. 



m massa 



Resin Total Sapori. Gum 
Value Value Value 
(H.-Z.). (G.-V.-Z.). (G.-Z.). 



pulvis i 

{ 



pulvis -j 
do. I 

{ 
{ 
{ 
{ 



203-00 

207-20 

154 00 

156-80 

189-00 

191-80 

249-20 

252-00 

163-80 

162-40 

68-60 

67-20 

225-40 

225-40 

50-40 

51-80 



215-60 

217-00 

166-60 

169-40 

191-80 

191-80 

310-80 

313-60 

190-40 

184-80 

75-60 

75-60 

232-40 

238-00 

75-60 

78-40 



12-60 

9-80 

12-60 

12-60 

2-80 

0-00 

61-60 

61-60 

26-60 

22-40 

7 00 

8-40 

7 00 

12-60 

25-20 

26-60 



Whereas the figures obtained with German lactucarium 
fluctuate within relatively narrow limits — when the two 
classes " pulvis " and " massa " are considered by themselves 
— those furnished by the English drug indicate very irregular 
composition. As in the case of nearly all resinous products, 
the "pulvis" varieties of German lactucarium gave the 
highest values, so that here also an adulteration with colo- 
phony may be assumed (see conclusion to Part I.). 

(For the detection of colophony, by the Storch-Morawski 
reaction, see under Colophony.) 
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48. Mjrrrh. 

GhtJiimi-resina Myrrha {Herahol Myrrh officinal in German 
Pharmacopoeia III.). 

I. Herabol Myrrh (the usual commercial grade). 

Origin and Habitat.^ — Species of Bahamodendron and 
Commiphora (Burseracese). Arabia. 

Chemical Constituents. — Gum, 57-59 per cent.; resin; 
and ethereal oil. The first-named corresponds to the formula 
CgHioOg. The portion readily soluble in alcohol is a mixture 
of various resins : a neutral resin, and a soft resin (soluble in 
alcohol) of the formula CggHg^Og, with three hydroxyl groups 
and two resin acids. One of the latter is dibasic, and has 
the formula CigHigOg; the other, also dibasic, having the 
formula CagHggOg. Ethereal oil, 7—8 per cent., the chief 
constituent of which has the formula C10H14O. (0. Kohler.) 

Oeneral Properties. — Myrrh occurs in the form of 
masses or granules as large as a nut, yellowish red in colour, 
with a greasy, lustrous, fine-grained fracture, not smooth and 
conchoid. Water produces a white emulsion ; alcohol dis- 
solves only the resin. The odour is strong, and the taste 
persistently bitter and irritant. Herabol myrrh is the so- 
called " male myrrh." 

Adulterants. — Extracted myrrh resin, bdellium, gum 
arabic, Bisabol myrrh. 

II. Bisabol Myrrh. 

Origin and Habitat. — (See note to Herabol myrrh.) 
Balsamea erythrea, Engl. (Burseracese). Somaliland. 

^ In spite of numerous researches, the conflicting views published on the 
origin of myrrh, bdeUium, and similar bodies have not yet been fully settled. 
Consequently, any definite statement would be premature. On this point, see 
Holmes, Ph, Ztg., 1899, pp. 237-238, and P. Siedler, Ap. Ztg,, 1898, No. 2. 
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Chemical Constituents. — Gum soluble in water, 2 2 1 
per cent.; gum soluble in caustic soda, 29*85 per cent.; crude 
resin, 21*5 per cent.; bitter principle, 1*5 per cent.; ethereal 
oil, 7 8 per cent.; water, 3*17 per cent.; vegetable detritus, 
13*4 per cent. The ethereal oil contains a hydrocarbon, 
bisabolene, of the formula CioH^g, as also ester-like com- 
pounds and an oxygenated body (CseHggO), corresponding to 
a doubled molecule of chironol (C28H48O), minus one atom 
of oxygen (see Opopanax). The pure resin contains free 
acids, a resene (Bisabol resene), and a neutral substance. 
(Tucholka.) 

General Properties and Commercial Varieties. — Similar 
to Herabol myrrh, but with a milder and weaker taste and 
smell, more like bdellium. This Bisabol myrrh is known as 
" female myrrh." 

Adulterants, etc. — Bisabol myrih can only be con- 
founded with Herabol myrrh. It is generally consumed in 
the producing countries, and is rarely met with in commerce. 

Other kinds of myrrh, such as Arabian, Meetiya, Per- 
sian, and China'ibol (Siam) myrrh, are of interest to the 
producing countries exclusively, and not to the European 
trade. Hooper recommends as an excellent substitute for 
myrrh, the gum resin from Balsam odendr on Berryi, known as 
Mulukilivary in its East Indian home. This myrrh contains 
84 per cent, of guAi, 5 per cent, of water, and 6*6 per cent, 
of mineral matter. The gum is not precipitable by lead 
acetate, thus differing from the gum in ordinary myrrh ; the 
soft resin is dextro-rotatory, and is soluble in ether, alcohol, 
chloroform, and carbon di-sulphide. A similar substitute 
for myrrh is " Bayee balsam," the gum resin furnished by 
Balsamodendron puhescens. The gum left behind in the pro- 
duction of the alcoholic preparations of myrrh is often utilised 
technically as an agglutinant. 
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Analysis. — The bromine reaction repeatedly advised— 
and indeed accepted in several Pharmacopoeiae — ^has been 
subsequently characterised as unreliable by an equal number 
of authorities. 

If myrrh be extracted with alcohol, and the evaporation 
residue be taken up with ether, bromine vapour is said to give 
a red- violet colour reaction. Another reaction, also unreliable 
since it frequently fails, with old or powdered myrrh in 
particular, is that wherein the myrrh is brushed with alcohol 
and nitric acid, which treatment should give a local cloudy 
violet coloration. Herabol and Bisabol myrrh are so remark- 
ably different analytically, that the above reaction — which is 
not given by Bisabol myrrh — is superfluous, the more so 
that Bisabol myrrh is at once distinguishable by its odour 
and appearance, and is, moreover, not met with in commerce 
at all. Tucholka gives the following reaction for distinguish- 
ing between Herabol and Bisabol myrrh : — 

" Six drops of a petroleum-ether extract (1 : 15) are mixed 
with 3 C.C. of glacial acetic acid and floated on the surface of 
3 c.c. of concentrated sulphuric acid. A beautiful rose red 
zone immediately forms at the surface of contact, and after a 
short time the coloration extends throughout the entire layer 
of acetic acid, and remains persistent. When a stronger 
extract is used, a brown coloration is produced. With this 
reagent the officinal myrrh gives only a very pale rose colora- 
tion to the acetic layer, and the colour does not increase in 
strength ; the surface of contact between the two strata shows 
at first a green colour, which turns brown with green fluor- 
escence on standing." 

Neither bdellium nor Bisabol myrrh gives the bromine 
vapour reaction furnished by Herabol myrrh ; and bdellium 
can also be readily distinguished from both kinds of myrrh 
by analytical means (see below). 
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Hirschsohn examined numerous specimens, and prescribes 
that the extract in petroleum ether should be colourless, and 
not exceed 6 per cent, in amount on drying at 120° C, a 
higher percentage indicating adulteration. The presence of 
sulphur in these residues is said to point to the presence 
of bdellium. (In the present state of our knowledge the 
presence of sulphur compounds of bdellium is dubious, so 
that it is not quite clear on what the above inference is based. 
Asafoetida or sagapenum — both of which contain sulphurous 
oils — would be more probable, were it not that adulteration 
with these substances is precluded, as too remote.) The 
petroleum ether should be colourless after the extraction. 

The Pharmacopoeise mostly confine themselves to the 
bromine reaction, and the prescription of a 30. per cent, 
minimum for the soluble in alcohol, and 6-8 per cent, 
for the ash. 

The author has found that the percentage soluble in 
alcohol is greater in Herabol myrrh (up to 50 per cent.) 
than in Bisabol myrrh (up to 20 per cent.). 

Kremel found for Herabol myrrh — 

I. XL III. 

Ream .... 39*57^ 42*07^ 23-97^ 

(Acid value, d. (S.-Z. d.) . 64-0 ° 60*2 ° 70-3 

Ester value (E.-Z.) . . 95-0 llG-5 145-8 

Sapon. value, h. (V.-Z. h.) 159-0 176-7 216-1 

And^for Indian myrrh- 



Resin .... 30-7; 

(Acid value, d. (S.-Z. d) . 42-1 

Ester value (E.-Z.) . . 130*8 

Sapon. value, h. (V.-Z. h.) . 172-9 

by the usual method. 

E. Dieterich found solubility in — 

Water . . . 37-30-52-50 per cent. 
Alcohol (96 per cent.) 22*6 per cent. 
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Tucholka used Kremel's method in his examination of 
Bisabol myrrh, and, as might have been expected, could not 
discover any analytical difiference between the two kinds of 
myrrh. The present author examined the same Bisabol 
myrrh by his own method, and expressed himself on the 
subject as follows : — 

" As in the case of many other resins and gum resins, 
the error of using an alcoholic extract — on which point I 
have already dilated in the H. A., 1896, p. 126 sec. i — 
has been committed. This is wrpng, because, in the first 
place, alterations take place in the substance itself during 
the preparation of the extract, and — which is the main 
defect — an unknown and uncalculated loss of volatile 
matter occurs in the concentration of the extract, especially 
in the case of such gum resins, e.g. ammoniacum, galbanum, 
myrrh, etc., as contain ethereal oils and volatile constituents, 
the loss varying with the percentage present. The resulting 
fluctuations are the greater because no account is taken 
of the degree of solubility in alcohol on the one hand 
and the percentage of volatile matters on the other, the 
alcoholic extract being classed as the equivalent of the 
gum resin itself. When it is remembered that the per- 
centage soluble in alcohol is only from 20 to 30 per cent, 
in the case of Bisabol myrrh, and is therefore equal to barely 
about one-third of the total weight of the drug, it can be 
readily estimated how far the results obtained are from 
corresponding to the entire drug, and what fluctuations the 
values must eo ipso undergo. In many instances, in place of 
using a quantity of extract corresponding to 1 grm. of the 
drug, the values have been determined in 1 grm. of extract; 
consequently, as this quantity corresponds to much more than 
1 grm. of gum resin, the resulting values do not represent 
the number of mgrms. of KHO fixed by 1 grm. of drug, but 
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something else quite at variance with the true definition of 
the term * acid vallie.' 

" It is therefore not to be wondered at that, with reference 
to the acid and saponification values, Tucholka arrived at 
results which were unsatisfactory and did not afford any 
distinction between the two sorts of myrrh. The divergent 
and unreliable character of the values obtained, when extraqt^ 
are used instead of the natural drug, may be gathered from 
the subjoined figures, Kremel found for Herabol myrrh, 
with extract, the acid value, d. = 60*2— 70*3 ; ester value = 
95-0-148-4 ; and saponification value, h. = 159-2601. The 
author obtained by the same method, from an extract equal 
to 20 per cent, of the drug, the acid value, d. = 11'2 ; ether 
value =33*6; and saponification value, h. = 44*8. These 
enormous differences sufficiently show how inexact is the 
examination of extracts, and this is still more clearly evident 
by the differences found with Bisabol myrrh. Here Tucholka 
obtained from extract the acid value, d. = 55'7; ester value 
= 87*6; saponification value, h. = 143*3: whilst the author, 
using an extract equal to a 50 per cent, yield, found the 
acid value, d. = 5*6 ; ester value = 51*4 ; and saponification 
value, h. = 57*00. 

" The values come out very different and much higher 
when the natural drug is taken for examination, the higher 
results clearly showing that large quantities of volatile 
matters are lost during the preparation of the extract, and 
that the residue insoluble in alcohol also contains acid- and 
ester-like constituents. 

" On the basis of numerous experiments, I have now 

devised a method which enables the natural drug to be used, 

and both parts of the myrrh — the resin soluble in alcohol 

and the gum soluble in water — to be taken into 

account." 
20 
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(For the worth of these determinations, see Chem. iJer., 
1898, No. 10.) 

Mauch estimated the gum in Herabol myrrh by dis- 
solving 1-2 grms. of the gum resin in 10-15 grms. of 60 per 
cent, chloral hydrate, and weighing the gum thrown down by 
100 grms. of strong alcohol. He found 75*2 per cent, of 
gum. According to the same authority, this myrrh dissolves 
to a clear yellow-brown liquid in 8-10 parts of 60 per cent 
chloral hydrate. 

(On the Germ. Pharm. III. tests for myrrh, see Ph. C, 
1898, No. 21.) 
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49. Opopanax. 

Gummi-resina Opopanax, 

Origin and Habitat. — There are two distinct varieties — 
I. Burseracea opopanax, from Balsamodendron Kafal (Knuth), 
Persia ; and II. Umbellifer opopanax, from Chironiim 
opopanax (Koch), Southern Europe. 

Other species of Commiphora yield gum resins similar to 
opopanax. The Burseracea variety is the kind now in com- 
mercial use for perfumery. 

I. BURSEKACEA OpOPANAX. 

Chemical Constituents. — Ethereal oil, 6-5 per cent.; 
gum and vegetable detritus, 70 per cent.; moisture and 
loss at 100° C, 4*5 per cent.; resin, 19 per cent. The 
resin consists of — a-panaxresene (C32H54O4) ; ^-panaxresene 
(C32H52O5), panaxresinotannol (C34H50O8), an alcohol, chironol 
(C28H48O) (a new type), and bitter principle (Baur). 
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II. Umbellifer Opopanax. 

Chemical Constituents. — Eesin soluble in ether, the feru- 
laic ester of oporesinotannol, «51*80 per cent.; resin insoluble 
in ether, free oporesinotannol (CiaHjgOgOH), 1 '9 per cent. ; gum 
(a mixture of the approximate formula C^'H.jfi^^)^ 33*782 per 
cent.; ethereal oil, with the oponal (C20H10O7) isolated therefrom, 
8*3 per cent.; free ferulaic acid (CiqRiqO^), 0*216 per cent.; 
vanillin, 0*00272 per cent.; moisture, 2 per cent.; bassorin and 
vegetable detritus, 2 per cent. ; and bitter principle (Knitl). 

General Properties and Commercial Varieties. — 
Burseracea opopanax, which at the present time is about 
the only variety found in commerce, forms large, brown- 
yellow lumps, interspersed with paler gummy granules, 
together with smaller perfectly white lumps. The odour is 
peculiar, somewhat recalling Sumbul and Bisabol myrrh ; 
and some kinds have a wonderfully fine odour, which at 
once indicates their value for perfumery purposes. 

The perfume sold as " opopanax " is said to have nothing 
to do with the gum resin, but is, according to Holmes, the 
ethereal oil from Commiphora Kataf, 

The name " myrrh " has been bestowed on the gum resin by 
transition from the perfume (coming as this does from a Commi- 
phora allied to myrrh), although the gum resin itself, especially 
the Umbellifer opopanax, has nothing to do with true myrrh. 

Umbellifer opopanax when fresh is in greasy masses or 
brownish yellow lumps, smelling something like levisticum 
or galbanum — ^at anyrate, strong and disagreeable — and 
with a strongly bitter balsamic taste. 

Adulterants and Admixtures. — The two kinds, one for 
the other ; also myrrh, bdellium, and galbanum. 

Analysis. — Hirschsohn examined several varieties of 
opopanax, but with such discordant results that the data 
will not be repeated here. 
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The author has only recently published sundry analytical 
particulars of Burseracea and Umbellifer opopanax. As in 
the case of myrrh, he worked with the natural product, 
instead of extracts, and proceeded in the following manner : — 

(a) Acid value, d. (S.-Z. d.). — One grm. of the finely 
triturated opopanax, taken as an average sample from a 
larger quantity, is suffused with 30 c.c. of distilled water 
and warmed for fifteen minutes under a reflux condenser, 
50 c.c. of strong alcohol being then added and the whole 
heated to boiling for another fifteen minutes in the 
steam bath and still under a reflux condenser. When the 
liquid has cooled down, it is titrated with alcoholic y potash 
until a true red coloration is produced. The stronger alkali 
is used in preference to the decinormal, because of the sharper 
and quicker end reaction it produces. The acid value is found 
by multiplying the volume (c.c.) of consumed KHO by 28*08. 

(6) Saponification value, h. (V.-Z. h.). — A further 1 grm. 
average sample is suffused with 30 c.c. of water, left to 
stand half an hour, and then treated with 25 c.c. of alcoholic 
I potash. After boiling for half an hour in the steam 
bath and under a reflux condenser, and leaving to cool 
down, the liquid is diluted with alcohol and titrated back. 
The number of c.c. of combined KHO multiplied by 28'08 
gives the saponification value. 

(c) The ester value (E.-Z.) is found by difference. 

He found the foUowinsr values : — 

Burseracea Opopanax. 

•!■ • • • • • 



•> 



3. 



AcidVal.jd. 


Ester Yal. 


SapoD. YaL, h. 


(S.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


r23-84 
130-92 


83-01 


105-85 


97-24 


128-16 


no-46 

\l6-40 


85-74 


96-20 


81-94 


98-34 


r24-03 
128-20 


125-01 


149-04 


124-62 


152-82 



Acid Val.,d. 


EsterYal. 


Sapon.Yal.jh. 


(S.-Z. d.). 


(E.-Z.). 


(V.-Z. h.). 


/32-43 
133-06 


105-46 


137-89 


119-58 


152-64 


r35-00 
136-86 


114-07 


149-07 


126-90 


163-76 


/53-40 
158-57 


142-60 


196-00 


140-50 


199-07 
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The following specimens of Umbellifer opopanax were, 
in part, obtained direct from Teheran : — 

Umbellifer Opopanax. 

1. Liquid Teheran opopanax 

(Jovishir drops) 

2. Solid Teheran opopanax 

(Jovishir dry) 

3. Solid opopanax (old) 

The above method is allied to those used for myrrh, 
bdellium, and sagapenum, but differs considerably from those 
employed for ammoniacum and galbanum, because the latter 
are saponified by the cold, or fractionated, method, whilst 
the former are saponifiable by the hot process alone. As 
in the case of galbanum and ammoniacum, a preliminary 
dissociation of the gum resin is here indispensable. It will 
be seen from the foregoing tables that Umbellifer opopanax 
furnishes higher values than Burseracea opopanax. 

BIBLIOGRAPHY. 
K. Dieterich, Ph. C, 1899, No. 31. 



60. Sagapenum. 

Gummi-resina Sagapenum. 

Origin and Habitat. — Not accurately known ; at any- 
rate, a Persian Umbellifera. Persia. 

Chemical Constituents. — Eesin soluble in ether, 56*8 
per cent. ; gum, 23*3 per cent. ; water, 3*5 per cent. ; 
impurities, 10 per cent.; ethereal sulphurous oil, 5*8 per 
cent. The pure resin contains: free umbelliferone, 11- 
0*15 per cent.; combined umbelliferone, 15*7 per cent. 
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of which about 40 per cent, is in the form of umbelliferone- 
sagaresinotannol ester. The sagaresinotannol has the formula 
C24H27O4OH (Hohenadel). 

General Properties and Commercial Varieties.— 

Dark brown masses, with numerous white lumps, of brittle 
consistence, turning soft and plastic in the hand. The 
smell faintly recalls galbanum, but also approximates 
to asafoetida. The ethereal solution gives a red-violet 
coloration with hydrochloric acid. Sagapenum is soluble in 
alcohol, ether, alkalis, and sulphuric acid. Formerly the 
principal commercial varieties were Persian sagapenum " in 
massa" and Levantine "in tears," but at the present time 
the drug has almost entirely disappeared from the market. 

Analysis. — Analytical data are practically non- 
existent ; and it is only recently that the author and Mauch 
published a few contributions on the subject. The former 
examined sagapenum by exactly the same method as he 
applied to myrrh, bdellium, and opopanax, using the crude 
product instead of an extract. The modiis operandi is as 
follows : — 

(a) Acid value, d. (S.-Z. d.). — One grm. of the finely 
triturated sagapenum is taken, as au average sample, from 
a larger quantity, is suffused with 30 c.c. of distilled water 
and warmed for fifteen minutes under a reflux condenser. 
Fifty c.c. of strong alcohol are next added, and the whole 
boiled for fifteen minutes in the steam bath, still under 
a reflux condenser. When cold, the liquid is titrated 
with alcoholic | potash and phenolphthalein, until a 
true red coloration is produced, the stronger alkali being 
used in preference to the decinormal on account of the 
sharper and quicker end reaction obtained. The volume (c.c.) 
of combined KHO multiplied by 28 08 gives the acid 
value. 
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(6) Saponification value, h. (V.-Z. h.). — A further 1 grm. 
average sample is suffused with 30 c.c. of water, left for 
half an hour, and then treated with 25 c.c. of alcoholic 
potash, after which it is boiled half an hour in the steam 
bath and under a reflux condenser, cooled, and titrated back 
after dilution with alcohol. The volume (c.c.) of consumed 
KHO multiplied by 28*08 gives the saponification value. 

(c) Ester value (E.-Z.). — This is found by difference. 

The author obtained the following values from the crude 
product : — 





I 


II. 


Acid value, d (S.-Z. d.) 


13-96 


U-81 


Ester value (E.-Z.) . 


31-29 


39-37 


Saponification value, h. (V.-Z. h.) 


45-25 


54-18 



Mauch found sagapenum to contain umbelliferon, and to 
dissolve, as a brown liquid, in 60 per cent, chloral hydrate. 
Like galbanum, sagapenum gives all the reactions for 
umbelliferon. 

BIBLIOGRAPHY. 
K. Dieterich, Ph. C, 1899, No. 31.— Mauch, I. D. Strassburg, 1898. 

61. Asafoetida. 

Gummi-resina asafoetida (officinal in^Germ. Pharm. III.). 

Origin and Habitat. — Ferula Scorodosma and F. Narthex, 
Boiss. Persia. 

Chemical Constituents. — Resin soluble in ether = ferulaic 
asaresinotannol ester, 61*4 per cent.; free asaresinotannol 
(C24H33O4OH), 0*6 per cent.; gum, 25 per cent.; ethereal 
sulphurous oil, 6*7 per cent.; vanillin, 06 percent.; free 
ferulaic acid, 1*28 per cent.; moisture^ 2*36 per cent.; 
impurities, 2'5 per cent (Polasek). 

General Properties and Commercial Varieties. — The 
in massa and in lacrymis varieties of asafoetida are 
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those now met with in commerce, the former being very 
impure, but the latter much purer. When fresh, the juice 
is white, though sometimes red or discoloured, with a strong 
smell of garlic ; the external colour is dark violet, the flavour 
very sharp and persistently biting. As, in the case of 
ammoniacum and galbanum, the variety in massa is 
preferable to the other for pharmaceutical purposes, on 
account of its higher percentage of ethereal oil. 

The most inferior kind, Asafcetida petrcea, or " petrified 
asafoetida," is a very impure mass, and should be rejected. 

According to Dymock, three distinct kinds are recognised 
in the Bombay market, viz. Abus ha heree (from the port 
of Bunder Abbar, in the Persian Gulf), Kanda haree^ and 
Hingra, 

Whereas the first-named is derived from FervXa alliacea, 
Hingra is said to be the kind current in European commerce, 
the Persian asafoetida coming from Scorodosma fodidum^ and 
the Afghan from Narthex Falconer. 

The very dear grade, " Hing from Abushaher " (in the 
province of Kerman), is said by Fliickiger to be shipped 
in small quantities from Persian ports ; and, according to 
Dymock, is adulterated with gum. 

The present-day view, based on the researches of Holmes, 
is that all varieties presumably come from Ferula Narthex, 
Boiss. 

Adulterants. — Inferior varieties, already exhausted by 
extraction, and containing over 5 per cent, of ash ; African 
ammoniacum ; extraneous resins ; and vegetable residues. 

Analysis. — Asafoetida has been found to contain a larger 
percentage of ash and impurities than any other member 
of the gum resins. Waage stated that residues of the parent 
plant, etc., are frequently present ; Muter described varieties 
containing up to 70 per cent. (!) of stones; and Dymock 
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mentioned the great frequency of intentional adulterations 
with sand, gum, etc. In view of the high ash content, 
E. Dieterich advised using the purified product, and showed 
that the percentage of ash can be reduced from 46 per 
cent, to 18 per cent., and the percentage soluble in alcohol 
increased from 29 per cent, to 57 per cent. On this point, 
however, the remarks already made in the introduction to 
this present section apply. Whereas the German Pharma- 
copoeia fixes 6 per cent, as the maximum permissible per- 
centage of ash, the Dutch Pharmacopoeia allows 20 per 
cent, of ash, the decision being based on the subjoined 

determinations : — 

Ash 
per cent. 

Asafoetida pulv. P 53*75 



Do. in massa, extraf. 

Do. in massa 

Do. dep. pulv. 

Do. in lacrymis . 



40-83 

45-32 

50-43 

2-08 



Both the above limits appear to err, the Dutch on 
the side of lenience, the German on the side of stringency ; 
and a medium course (10 per cent.) would be preferable. 

J. N. Lloyd also occupied himself with the examination 
of asafoetida, his main attention being bestowed on adulter- 
ations with colophony or white turpentine, which are readily 
detected by their higher acid values. The samples examined, 
however, proved free from either admixture. The dry, hard 
drug "in tears" exhibits the highest acid value (6 1*9-6 8*2),^ 
that of the semi-fluid kind being much lower (31*1— 40-4). 
The ordinary commercial grade contains an enormous pro- 

^ These data do not justify the assumption that *' tears" give a higher 
acid value all round than **mass," the contrary being usually the case with 
ammoniacum and galbanum, so that no general rule appears possible. See the 
results found by Beckurts and Briiche (lower down), where the " tears " actually 
gave the lowest acid values. 
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portion of ash, the average being 16-20 per cent, and in 
individual instances attaining 50 per cent. The purest 
"tears," however, leave but very little ash (1'78— 2*55 per 
cent.), and furnish about 76 per cent, of matters soluble 
in alcohol. It is stated that asafoetida depurata alone 
should be employed for ofiBcinal uses. Apparently it is 
almost impossible to find in the American market a quality 
complying with the requirements of the United States 
Pharmacopoeia, which prescribes a 60 per cent, solubility 
in alcohol. 

Morner and Fristedt detected a very subtle adulteration 
of asafoetida in lacrymis. Only 5 per cent, of the total 
drug was pure ; whilst, of the remainder, 5 per cent, 
consisted of small fragments of gypsum, the rest being 
pieces of alabaster coated with a thin layer of asafoetida, 
the proportion of which varied from 7 per cent, in most 
of the lumps to 20 per cent, in others. 

Hirschsohn examined numerous specimens, and found the 
following degrees of solubility in petroleum ether : — 









Dried at 17^0 


. at 120° C 


1. 


Asafoetida 


in granis 


8-25 


3-27 


2. 


Do. 


do. 


5-33 


212 


3. 


Do. 


do. 


1-85 


1-02 


4. 


Do. 


in TTiassis 


10-88 


344 


5. 


Do. 


do. 


1-50 


1-01 


6. 


Do. 


in granis 


7-40 


1-73 


7. 


Do. 


petraea I. . 


2-00 


1-01 


8. 


Do. 


do. II. . 


3-20 


2-21 


9. 


Do. 


ordinary 


5-10 


3-20 


10. 


Do. 


from Bombay 


11-44 


4-65 


11. 


Do. 


from Hanbury . 


13-45 


3-44 



He remarks : " The percentage soluble in petroleum 
ether should amount, in the case of an ordinary good 
commercial sample of asafoetida in granis, to at least 
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7 per cent., and to 5 per cent., at least, of the variety in 
Tnassis. The quantity of matter volatilising at 120° C. should 
be not less than 5 per cent, and 3 per cent, respectively, 
referred to the total weight of the drug. A good quality 
of Indian asafoetida should give up not less than 11 per 
cent, to petroleum ether, and the residue should not lose 
less than 6 per cent, on being heated at 120° C." 
Kremel found (usual method) — 

Eesin per cent. 
rAcid value, d. (S.-Z. d.) 
-{Ester value (E.-Z.) 
[Sapon. val., h. (V.-Z. h.) 

E. Dieterich found (same method) — 

Cruda, D&purata. 

rAcid value, d. (S.-Z. d.) 11-20- 55-00 23-52- 82-30 

,^^ J Ester value (E.-Z.) . 11060-129-00 82-30-101-70 

ISapon. val., h. (V.-Z. h.) 121-80-184-00 164-60-171-70 

Ash per cent. . . 6-5-66-05% 1-60- 440% 

Sol. in 90 per cent, alcohol 15-43- 59-66% 66-00- 78-83% 

Beckurts and Bruche found (same method) — 

From extract 



I. 


II. 


72-1 


35-6 


26-8 


54-8 


145-2 


182-1 


172-0 


236-9 


i)— 


AsafcBtida. 



Asafoetida. 


Sp. gr. 


Ash 

% 


In massa . 


1-730 


1-2 


In depurata 


1-290 


3-1 




1-280 


2-9 


In massa . 


1-293 


5-0 


In granis . 


1-316 


5-8 



Sol. in Acid Ester Sapon. 

Alcohol Value, d. Value Value, h. 

% (S.-Z.d.). (E.-Z.). (V.-Z. h.). 

36 40 141 181 

43 29 180 209 
50 31 183 214 
58 43 162 205 

44 27 179 206 



and stated that the presence of turpentine can be reliably 
detected by the acid value. 
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As in the case of ammoniacum and galbanum, the 
present author has worked out a method for asafoetida 
which permits the use of the crude product instead of 
extract, and determines the acid value by back titration. 
This last-named process is applicable here, because asafoetida 
is difficult to saponify, cold or fractional saponification being 
impracticable. In back titration, the drug can be used 
direct without previous conversion into a solution or extract; 
and, moreover, the intermediate gradations of colour-change, 
which impede the reading of the end-point in direct titration, 
are here lacking. 

The method is performed as follows : — 

(a) Acid value, ind. (S.-Z. ind.). — One grm. of asafoetida 
is suffused with 10 c.c. each of alcoholic and aqueous | 
potash, and left to stand in a stoppered glass flask for 
twenty-four hours at room temperature. After dilution 
with 500 C.C. of water, the whole is titrated back with 
^ sulphuric acid and phenolphthalein, the volume (c.c.) 
of KHO consumed multiplied by 28*08 giving the acid 
value. 

(V) Saponification value, h. (V.-Z. h.). — A 1 grm. average 
sample of the finely triturated drug is suffused with 25 c.c. 
of alcoholic ^ potash and boiled for one hour under a reflux 
condenser. At the end of that time 200 ex. of alcohol 
are added, and, when cold, the whole is titrated back with 
^ sulphuric acid and phenolphthalein. The volume (c.c.) 
of consumed KHO multiplied by 2 8 '08 gives the saponi- 
fication value, h. 

(c) Ester value. — Found by difference, as usual. 

{d) Ash determination. — Tv/o grms. of substance are care- 
fully incinerated, and calcined until foiyid constant after 
cooling in a desiccator. 

The examination of a number of commercial samples 



80-1 30 
h ) . 120-185 

1- 10 per cent. 
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furnished the author with the following values (in round 
figures) : — 

Acid value, ind. (S.-Z. ind.) . 65- 80 

Ester value (E.-Z.) 
Saponification value, h. (V.-Z. 
Ash ..... 

Gregor and Bamberger obtained the following methoxyl 

values (M.-Z.): — 

I. 11. 

Gregor . . 11-9 6-9 

Bamberger . . 18 — 

Kitt found the carbonyl value (C.-Z.) = 0*2. 

(For the worth of these determinations see Chem. Rev,, 
1898, No. 10; and for the Germ. Pharni. III. tests for 
asafoetida, see Ph, 0., 1899, No. 21.) 

Mauch found that the gum and resin in asafoetida are 
soluble (and perfectly clear) in 10-15 parts of 60 per cent, 
chloral hydrate solution, and recommends this method for 
the detection of impurities. He says — 

" This gum resin often coming into the market adulterated 
with sand, stones, etc., the estimation of the mineral con- 
stituents is rendered difficult. It is generally effected by 
incineration, as prescribed by the Germ. Pharm. Ill, the 
maximum permissible ash content being 6 per cent. Owing 
to the difficulty experienced in incinerating the gum resins, 
the determination may be made equally well, and with 
greater accuracy, by the aid of chloral hydrate, the drug 
being treated with 10-15 times its own weight of 60 per 
cent, chloral hydrate solution, whereupon all the gum and 
resin will slowly dissolve, leaving the mineral admixtures 
behind. When an insoluble residue is left, it is placed on 
a filter of known ash content, washed first with 60 per cent, 
chloral hydrate, and afterwards with a little alcohol, dried, 
calcined, and weighed." 
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62. Olibanum, or Incense. 

Olibanum, Gummi-resina Olibanum. 

Origin and Habitat. — Boswellia Carterii, B. serrata, and 
other Burseracese. The Somali coast. 

Chemical Constituents. — Boswellic acid (C32H52O4), free 
and combined as an ester with olibanoresenes {Gifi^O\. 
Ethereal oil (CieHig)^ (pinene, dipentene, phellandrene). 
Gum, with arabic acid (CgH^oOg), bassorin, and bitter principle 
(Halbey). 

General Properties and Commercial Varieties. — Small 
tear-shaped, brittle granules, of dull pale yellow colour, and 
covered with dust ; only partially soluble in alcohol, ether, 
chloroform, or other solvents. When chewed, the drug 
breaks down to powder and then softens ; the taste is 
rather bitter and aromatic. 

Olibanum electum is the best and purest kind, Olibanum 
in sortis being less pure, and corresponding to the in massa 
quality of other gum resins. 

The so-called " wild incense," Olibanum silvestre, is a pine 
resin which was formerly employed to adulterate the pure 
drug. Olibanum, from Boswellia Freriana and B. sacra, is 
identical with African elemi {q.v.), and is termed "Luban 
Matti." It should more properly be classed with the elemis 
and not with the incense group. The resins of other species 
of Boswellia ^ such as B. jpapyrifera, B, thurifera, B. oblongata. 
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and B. socotrana are similar to olibanum, but are not met 
with in commerce. Cayenne incense, from Icica heptaphylla, 
also belongs to the elemis. 

The Protium species, such as P. multifiorum ("Paii de 
incenfo = incense tree), furnish varieties of incense, or 
substitutes therefor. They are mostly consumed in the 
interior of Brazil, just as the incense from the Composita, 
Flourensia thurifera, is known only in Mexico. 

Indian incense is also obtained from a species of Boswellia 
{B. serrata), and not, as formerly stated, from Junijperus 
Plioenicia, J, thibvifera, or Amyris Kafal. According to 
Kosteletzky and Hirschsohn, the name " Indian " is due to 
the circumstance that the incense was brought to Europe in 
Indian vessels md Egypt and Arabia, The relatively good 
concordance of the analytical data, furnished by ordinary and 
Indian incense, indicates that they are identical. 

Adulterants. — Colophony, wild incense, mastic, and 
sandarach. 

Analysis. — Incense can be distinguished from mastic 
and sandarach by its odour when heated, its solubility, 
behaviour when chewed, and by its analytical constants 
(principally that, like amber, it gives saponification values 
which are not furnished by mastic or sandarach). Numerous 
analytical data have been published on olibanum. 

Hirschsohn examined Arabian, Indian, and African 
incense, and found the percentage of extract soluble in 
petroleum ether to amount to 2 2 08— 38*81 per cent, after 
drying at 120° C. He believes that, as already stated, all the 
different kinds are referable to the African commercial grade. 

The presence of wild incense (pine resin) in olibanum is 
dealt with as follows in the Sildd. Ap. Ztg., 1899, No. 12 : — 

" After frequent agitation with water, and leaving at 

rest for two days, granular incense should leave a white, 
21 
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saccharine mass of resinous constituents, the gum being 
completely dissolved, whereas an admixture of pine resin will 
be indicated by the presence of lustrous yellow granules, 
which may be estimated in an approximately quantitative 
manner by washing and drying" 
Kremel found (usual method) — 

Resin Acid Val., d. Ester Val. Sapon. Yal., 
per cent. (S.-Z. d.). (E.-Z.). h. (V.-Z. h.). 

Olibanum . 64-0 59*3 6-6 65*9 

Do. . 721 46-8 410 878 

Do. Indicum 67 50-3 60*5 1108 



From extract. 



E. Dieterich found (same method)- 



Acid value, d. (S.-Z. d.) . . 45*40 

Ester value (E.-Z.) . . . 71 '60 }-from extract. 



•40] 

•60 H 
Saponification value, h. (V.-Z. h.) 117-OoJ 



The present author has worked out a method which 
enables the natural olibanum to be used instead of an 
extract. The modus operandi is as follows : — 

(a) Acid value, ind, (S.-Z. ind.). — One grm. of olibanum 
is suflused with 10 ac. of alcoholic and 10 c.c. of aqueous | 
potash, and 50 c.c. of benzine (sp. gr. 0*700). After standing 
twenty-four hours in a stoppered glass flask, and then adding 
500 C.C. of water, the liquid is titrated back with | sulphuric 
acid and phenolphthalein. The volume (c.c) of combined 
KHO multiplied by 28*08 gives the acid value. 

(h) Sponijication value, h, — One grm. of the finely tritu- 
rated drug is suffused with 20 c.c. of alcoholic ^ potash, and 
boiled an hour under a reflux condenser, the liquid being 
then diluted with 100 c,c, of alcohol and titrated back with | 
sulphuric acid and phenolphthalein. The volume (ac.) of 
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combined KliO multiplied by 2 8 08 gives the saponification 
value. 

(c) Ester value (E.-Z.). — This is found in the usual way, 
by difference. , . 

{d) Ash content — Two grms. of olibanum are parefuUy 
incinerated, and calcined until found constant after cooling 
in a desiccator. 

The following values were obtained : — 

AcidVal.,ind.(S.-Z.ind.). 
1. Olibanum pulvis . ... 



2. Do. in granis 



3. 



Do. naturale I. 



4. 



Do. 



do. II. 



5. Olibanum electum . 



From these figures it is evident that the electum 
grade, being the purest, gives the lowest acid values, the 
jpulvis form yielding the highest values ; a circumstance 
which points to the adulteration of the latter kind (see also 
Gamboge). 

The advantages of the new method, especially the acid 
value determination by back titration, consist in the first 
place in the non-necessity of preparing a solution — which 
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would only occasionally be possible with incense — secondly, 

in a better and more certain colour-change than in direct 

titration ; and, finally, in the possibility of replacing extract 

by the natural product. 

For the ester and saponification values, the author obtained 

these figures — 

Ester value (E.-Z.) 110-170 

Saponification value, h. (V.-Z., h.) . . 140-230 
Ash ....... traces. 

In examining the acid value as a means of detecting 

adulteration, the subjoined values were obtained : — 

Acid Val., ind. 
(S.-Z. ind.)— 

1. OKbanum + 10 % of^dammar . 47 60 47*60 

2. Do. + 20 % do. . 46-20 46*20 

3. Do. + 10% ofsandarach 58*80 56*00 

4. Do. + 20 % do. . 58*80 57*40 

5. Do. + 10 % of gaUipot . 65*80 65*80 

6. Do. +20% do. . 74*20 71*40 

Although dammar cannot be detected by this means — 
and only by the ester and saponification values, which are 
thereby lowered — the values rise considerably in presence of 
adulteration with sandarach or pine resin. If either of these 
adjuncts be suspected it is advisable to omit the addition of 
water before titration, in order to avoid the decomposition of 
the colophony, or sandarach, soap thereby produced. Infor- 
mation on this point will be aftbrded by the Storch-Morawski 
reaction for colophony (<?.r.). 

The author also found the following degrees of solubility: — 

y.. \ partially soluble, leaving white 

x» • I amorphous residue. 

Benzine . J ^ 

Carbon di-sulphide — partially soluble ; residue plastic. 

Chloroform . ) . „ , , , 

4 . ^ partially soluble. 
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In Glacial acetic acid ) « , 

T> 1 r for the most part insoluble. 

Methyl alcohol j 

Amyl do. > partially soluble. 

Oil of turpentine ) 

Like dammar, amber, and copal, the solubility of oli- 
banum is increased by heat and fusion. 

Gregor and Bamberger obtained the following methoxyl 
values (M.-Z.) : — 

Gregor ... .... 6*4 

Bamberger . . . . 5*3 

Kit t found the carbonyl value (C.-Z.) = 0*36. (On the 
worth of these determinations, see Chem, Rev., 1898, No. 10.) 

Mauch found that olibanum furnishes only a turbid 
solution with 60 per cent, chloral hydrate, some time being 
required for the liquid to clarify. The reason for this is, 
that the drug contains up to 7 per cent, of ethereal oil, 
which is only very slowly taken up by the above solvent. 

BIBLIOGRAPHY. 
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A. d. Ph. 211, p. 445.— Kitt, Ch. Ztg., 1898, p. 358.— Kremel, N. . P. d. A., 
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APPENDIX. 

The .following additional particulars have in part been com- 
piled during the time the book was in type, and also contain 
other supplementary matter : — 

PAET I. 

Classification of Resins. — According to the most recently 
published report by Tschirch (Paper read before the Natur- 
forscherversammlung — Meeting of the German Association 
of Natural Philosophy — at Munich, 1899), the following 
classification of the resinous bodies has been drawn up : — 

1. Besinotannol resiris — 

(a) Benzoic acid resins. 
(h) Umbellifer resins. 

2. Besene resins — 

(a) Droseracese resins. 

(b) Dipterocarpese resins. 

3. Besinol resins. 

4. Besinol acid resins — 

(a) Coniferse resins. 

(b) C(esalpinoidea3 resins. 

5. Gluco resins. 

PAET II. 

Canada Balsam. 

Chemical Constituents. — By fractional separation from 
methyl alcohol (see Schiveiz. Wochenschr. f. Chem. u, Pharm., 
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1899, No. 44; and Ph Ztg., 1899, No. 77) Tschirch has 
recently succeeded in isolating, from the resin from Abies 
Canadensis, " crystalline " resinol acids, which stand in a 
certain relationship to abietic acid (Mauch) and pimaric acid 
(Vesterberg). 

Copaiba Balsam. 

Chemical Constituents.— Tschirch has succeeded in 
isolating from several copaiba balsams — ^by fractional saponi- 
fication with ammonium carbonate, soda, etc. (see I.e.) — 
several hitherto unknown resin acids, e.g. a /8-metacopaibic 
acid, from Maracaibo copaiba (CiiHig02), differing from Strauss* 
metacopaibic acid, which is classed as a-metacopaibic acid ; 
a para acid (I.) obtained from Para balsam by means of 
ammonium carbonate, which acid has the m.p. about 195° C, 
but is not identical with Fehling's oxycopaibic acid ; a para 
acid (IV.) isolated with soda. A new acid, to which the 
name of " gurjuresinol " is given, has also been isolated from 
Gurjun balsam ; and illuric acid (C14H20O2) has been isolated 
from West African lUurin balsam, and analysed. 



Peruvian Balsam. 

Chemical Constituents. — Whereas the cinnamein examined 
by Thoms consisted for the most part of cinnamic benzyl 
ester with only a little benzoic benzyl ester, the Peruvian 
balsam (ix. the cinnamein isolated therefrom) examined by 
Tschirch showed a converse ratio. Tschirch believes this 
variation to be due to irregularities in the method of collect- 
ing the balsam. (This point has already been referred to by 
the present author, on the basis of the irregular analytical 
results obtained by him.) 
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The myroxocarpin (C48Hg50(j) formerly observed in white 
Peruvian balsam (as at one time met with in commerce), but 
afterwards unsuccessfully sought for, has again been found by 
Tschirch. 

Analysis. — Caesar & Loretz made the following remarks 
in their report, dated October 1899: — "According to the 
researches of Fromme, it is necessary to the attainment of 
concordant results in the determination of cinnamein by 
parallel analyses that the amount of water employed for 
agitation should be strictly regulated, and — like the quantity 
of soda used — kept down to a minimum, since otherwise a 
not unimportant percentage of cinnamein is retained in the 
liquid. Particularly concordant values were obtained by 
Fromme, by using first 25 c.c, then 5 c.c. of 2 per cent, 
caustic soda, and then 2x5 c.c. of water for the agitation. 

" In the present state of our knowledge of the balsams, 
the following points seem to us of importance in the testing 
of Peruvian balsam : — 

" 1. Limiting the sp. gr. to 1'136-1150. 

" 2. The nitric acid test with benzol-free benzine, in 
presence of five drops of HNOg (sp. gr. 1*38). The color- 
ation of the entire mass when the reaction has set in should 
be yellow to brownish yellow.^ 

" 3. The cinnamein determination by the Thoms method, 
with the foregoing slight modification, should yield at least 
60 per cent. 

" 4. The identification of the cinnamein by the ester value, 
which should be under 235." 

^ In the author's opinion, it is a pity that prominence should be again given 
to this unreliable test in face of the really useful quantitative tests. In view of 
the failure of this nitric acid reaction with the pure drug, the only course that 
can be advised is to omit it altogether, more especially in view of the efficacy 
of the quantitative reactions already given in the present work (see Peruvian 
Balsam). 
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Acaroid Resin. 
Analysis. — M. Bamberger found — 

I, Yellow Acaroid — 

I. 
Acid value, d. (S.-Z. d.) . . 132 
Saponification value, h. (V.-Z. h.) 220 
Methoxyl value (M.-Z.) 
Methoxyl value (M.-Z.) 

II. Red Acaroid — 



II. 



From 



I purified resin. 
225 / ^ 



27-66 


28-97 


crude resin. 


34-73 




purified resin. 


I. 


II. 


From 


60-3 


60-9 


crude resin. 


71-2 




purified resin. 


0-97 




purified resin. 



Methoxyl value (M. Z.) 
Methoxyl value (M.-Z.) 
Carbonyl value (O.-Z.) 

Owing to the dark colour of the red resin solution, the 
acid and saponification values could not be determined. 

BIBLIOGRAPHY. 
Sitzungsbericht d. K. Akad. d. Wissensch., Vienna, 1893, No. 5. 



Amber. 

General Properties and Commercial Varieties. — The 

so-called "pressed amber," or "ambroid," is prepared in 
plates, by placing small assorted pieces of amber in cast- 
steel moulds at a temperature of 200— 250° C, and exposing 
them to a pressure of about 400 atmos. 

The waste pieces, from -^ ^o \ inch diameter, are used 
up for making varnish, amber resin, and succinic acid. 



Resina Pini. 

General Properties and Commercial Varieties. — The 
ordinary pitch, the boiled and hardened turpentine-free conifer 
resin, is met with in commerce as yellow, or white, Burgundy 
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pitch, shoemakers' wax, and brewers' pitx^h ; the last-named 
variety melting readily to a thin fluid. Mannite pitch is a 
very impure form of brewers' pitch. Asphalt is fossilised 
pitch. 

Analysis. — J. Brand states that brewers' pitch is 
generally loaded (up to 13*12 per cent.) with mineral 
matters. The so-called mannite pitch is a kind which 
contains up to 32 12 per cent, of ferruginous compounds 
(iron glance), and is therefore unsuitable for brewers' use. 



Thapsia Resin. 

General Properties and Commercial Varieties. — Leroux 

{Bulletin Oommer., 1899, 27, p. 417) reports on the extraction 
and dangerous nature of this resin (agreeing with the author's 
remarks, q.v.), and gives the following additional particulars 
as to its properties : — 

" Thapsia garganica is a large umbellifer, indigenous to 
Algiers, and is chiefly found in the uplands, associated with 
T. decussata. The active blistering principle is mainly found 
in the root skin of the plant. The alcoholic extract of the 
central portion of both varieties is insoluble in water, and 
that from the bark of T, garganica is, for the most part, 
insoluble in this liquid. The green leaves induce redness 
when applied to the skin, and great care is necessary in 
extracting the resin from the roots of T, garganica ; so that 
the outer skin of the fresh roots has to be taken off' under 
water (see the author's method under Thapsia resin). The 
resin is generally obtained by distilling the preparation 
resulting from the treatment of the more or less pulverised 
rind with 80-90 per cent, alcohol. The preparation is 
frothy and fluorescent, owing to the presence of saponin, 
which is difticult of removal. Benzol is a better solvent 
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the resm dan aloc^icd, and gives a better jHodncC On 
poiation, the benzol jHepaimtion lemTes the lesin as a 
im, tianspsrait, pasty mass ; whereas the alcc^iolic 
paratkm yields an opaqiK, pale mass, of the oratsistence 
loney. which, when tzeiled with benzxd, is ocmy^ted into 
ledn. Xhapsia resin is inscdnhie in ethereal oils or 
oleom 
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Abbreviations, 59. 

Abietic acid, 13. 

Abu8 ha heree (asafoetida), 314. 

Acaroid resin, 6, 10, 105, 329. 

adulterants of, 107. 

analysis of, 107, 329. 

bibliography, 108, 329. 

carbonyl vaJues, 108. 

commercial varieties, 106. 

properties, 106. 

red, 105. 
,, chemical constituents, 105. 
,, habitat and origin, 105. 

solubilities of, 107. 

yellow, 106. 

„ chemical constituents, 106. 
„ habitat and origin, 106. 
Aceita de abeto, 253. 
/ Acetic acid, action on resins, 28. 
Acetyl value, 34, 59. 
Acid value, 28, 42, 43, 57, 58. 

back titration, 44, 50. 

by estimation of volatile acids, 45. 

direct titration, 43, 50. 
Adulterants of acaroid resin, 107. 

amber, 112. 

ammoniacum gum resin, 268. 

anime resin, 109. 

asafoBtida, 314. 

bdellium, 278. 

benzoin, 117. 

Canada balsam, 60. 

caranna resin, 127. 

colophony, 128. 

copaiba balsam, 63, 68, 72, 75, 79. 

copal, 135. 

dammar, 146. 

dragon's-blood. 152. 

elemi resin, 160. 

euphorbium, 281. 

galbanum, 285. 

gamboge, 292. 

guaiacum resin, 174. 

jalapa resin, 178. 

kino resin, 188. 

labdanum, 197. 

lactucarium gum resin, 297. 



Adulterants of mastic, 199. 

Mecca balsam, 84. 

myrrh, 300, 301. 

olibanum or incense, 321. 

opopanax, 309. 

Peruvian balsam, 87, 93. 

pine resin, 204. 

sagapenum, 312. 

sandarach, 207. 

scammonium, 216. 

shellac, 221. 

storax, 226. 

tacamahac resins, 245. 

thapsia resins, 245. 

tolu balsam, 101. 

turpentine, 253. 

turpethum, 264. 
Alban, 15. 

Alcohol as solvent for resins, 27. 
Alcoholic potash solution, 55. 
Allingite (amber), 111. 
Allmessega elemi, 157, 170. 
Almiscar resin, 171. 
Amber, 10, 11, 13, 110, 329. 

adulterants of, 112. 

analysis, 112, 115. 

bibliography, 116. 

chemical constituents. 111. 

clouded, 114. 

commercial varieties, 111, 329. 

distinction from copal, 112, 115. 

habitat and origin, 110. 

in polarised light, 113. 

oil, 112. 

pressed, detection of, 113. 

properties. 111, 329. 

Roumanian, 112. 

Sicilian, 112. 

solubilities of, 116. 

solution of, 27. 

sulphur in, 115. 

values (acid, ester, etc.), 115. 
Amber-guaiaciun resin. 111, 174. 
Ambroid, 329. 

Ammonia as solvent for resin, 28. 
Ammoniacum gum resin, 8, 11, 267. 
adulterants of, 268. 
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Ammoniacum gum resin, analysis of, 
268. 

bibliography, 275. 

chemical constituents, 267, 269. 

commercial varieties, 268. 

habitat and origii;!, 267. 

properties, 268. 

values (acid, esfer, etc.), 30, 270. 
Ammoresinotannol, 11. 
Amyrene, 11. 

Analytical values, causes of fluctuation 
in, 48. 

general axioms, 48. 

special axioms, with examples, 49. 
Angostura copaiba balsam, 65. 

chemical constituents, 65. 

values (various), 66, 
Anhydride value, 33. 
Anime resin, 107, 108, 135, 170. 

adulterants, 109. 

analysis, 109. 

chemical constituents, 109. 

commercial varieties, 109. 

habitat and origin, 108. 

properties, 109. 
Appendix, 326. 
Aroma of resins, 9. 
Aromatic acids of resins, 9. 
Aromatic gum resins, 8. 
Asafoetida group of resins, 8. 
Asafoetida gum resin, 10, 313. 

adulterants, 314. 

analysis, 314. 

bibliography, 320. 

chemical constituents, 313. 

commercial varieties, 313. 

habitat and origin, 313. 

properties, 313. 

solubilities, 316, 317. 

values (acid, ester, etc.), 317. 
Ash, determination of, 24. 
Asphaltum, solution of, 27. 

Bahia copaiba balsam, 67. 

chemical constituents, 67. 

values (various), 67. 
Balsams, definition, 3. 

true, 9. 
{For list of balsams f see ^^ContentSy" Part 

II,) 
Barras, 203. 
Bayee balsam, 301. 
Bdellium gum resin, 8, 275. 

adulterants, 278. 

analysis, 278. 

bibliography, 280. 

chemical constituents, 276. 



Bdellium, commercial varieties, 276. 

habitat and origin, 275. 

properties, 111, 329. 

solubilities, 278, 279. 

values (acid, ester, etc.), 278. 
Beckerite, 112. 
Benzoic acid, 10. 
Benzoin (see also Siam benzoin), 6, 116. 

determination of acid value, 29. 

group of resins, 8. 

Siam (see Siam benzoin), 116. 
Benzol as solvent for resins, 28. 
Benzoresinol, 11. 
Benzoytacetic acid, 10. 
Bibliography of acaroid resin, 108, 329. 

ammoniacum gum resin, 275. 

anime, 110. 

amber, 116. 

asafoetida, 320. 

bdellium, 280. 

benzoin, 126. 

Canada balsam, 61. 

caranna resin, 127. 

colophony, 133. 

copaiba balsam, 83. 

copal, 144. 

dammar, 150. 

dragon's-blood, 155. ' '. 

elemi, 173. % 

euphorbium, 283. 

galbanum, 291. 

gamboge, 296. 

guaiacum, 178. 

jalapa resin, 186. 

kino resin, 195. 

labdanum, 198. 

lactucarium gimi resin, 299. 

mastic, 202. 

Mecca balsam, 86. 

myrrh, 308. 

olibanima or incense, 325. 

opopanax, 311. 

Peruvian balsam, 100. 

pine resin, 206. 

sagapenum, 313. 

sandarach, 214. 

scammonium, 219.' 

shellac, 224. 

storax, 244. 

tacamahac resin, 245. 

thapsia resin, 251. 

tolu balsam, 104. 

turpentine, 264. 

turpethum, 265. 
Bisabol myrrh, 300. 
Black dammar, 145. 
Bombay copal, 135. 
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fifi(ip«rticSy 40. 
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raloea (rarioiM;. 40, 41. 
i'araama rcMiiy 124, 171. 

advlteraiitii, 127. 

aaaljma, 127. 

bibliogn^ilij, 127. 

cbemical ooiMtittients, 124. 

oommercial rarietiea, 124. 

haljitot and origin. 124. 

propertiai, 124. 
Carbon diauiphide aa aolirent for reains, 

28. 
Carfxmvl value, 35, 59. 
Carpathian baUfain, 253. 
Carthagena copaiba baliam, 48. 

chemical conatitiienta, ^. 

valneM (variooa), ^, 
Cayenn*^ incense, 157, 159. 
Cl^iakazzi copal, 135. 
Cl^iaracteriMticfl of reninouM bodies, 4. 
ChioH turpentine, 198, 253, 241. 
Ohironr>l, 11. 
Chloral hydrate as solvent for resins, 

25. 
Cinnamic acid, 10. 
Classification of resinous substances, 6, 

326. 
Cold saiKmification test- for resins, 30. 
Colophony, 7, 13, 127. 

adulterants of, 128. 

analyHis of, 128. 

bibliography, 133. 

chemical conHtituents, 128. 

commercial varieties, 128. 

ether value of, 33. 

group of re^inH, 8. 

habitat and origin, 127. 

properties, 128. 

solubilitieH of, 130. 

standard of purity of, 132. 

values (acid, ester, etc.), 129, 130. 
Colour reactions of resins, 23. 
ConHtant etlier value, 33. 
Copaiba balsam, 62, 327. 

adulterants, 63. 

analysis, 63. 
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etc; 

g[roap of leaina. 8. 

habitat and origin, 42. 

properties, 42. 
Copailnc acid, 13. 
, Copal, 7, 13, 15, 134. 

adulterants, 134. 

analysis, 134. 

bibliogn4>hy, 144. 

chemical constitoents, 134, 

commercial varieties, 134. 

group of resins, 7. 

habitat and origin, 134. 

hardness of, 135. 

oil, 137, 138. 

properties, 134. 

solubUities of, 136, 140, 141. 

solution of, 26. 

values (acid, ester, etc.), 138, 1 
Copalresene, 15. 
Cuinaric acid, 10. 

Dagieng dammar, 145. 
Dammar, 7, 13, 15, 145. 

adulterants, 146. 

analysis, 146. 

bibliography, 150. -" 

chemical constituents, 145. 

commercial varieties, 145. 

group of resins, 7. ~ 

habitat and origin, 145. - 

New Zealand, 135. ' 

properties, 145. 

rata kCltsching, 145. 

solubilities, 146, 147. 

solution of, 26. 

white, 135. 
Dammarolic acid, 13. 
Definition of balsams, 3. 

gum resins, 4. 

resins, 1. 
Definitions of various values, 58. 
Determinations, 24. 

calculation of results, 54. 
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Determinations, acetyl value, 34. 

acid value, 29, 43, 57. 

ash, 24. 

carbonyl value, 35, 

ester, ether, and anhydride values, 
33. 

iodine and bromine values, 42, 
54. 

melting-point, 24. 

methoxyl value, 35, 

resin value, 32. 

saponification value, cold, 30, 47. 
fractional, 30, 47. 

specific gravity, 24. 

special, 24. 
' suitable quantitative methods, 42. 
Dichlorhydrin as solvent, 25. 
Distinction between resinous bodies 

and fats and oils, 4. 
Dracoalban, 15. 
Dracoresene, 15, 
Dracoresinotannol, 11. 
Dragon's-blood, 6, 10, 15, 151. 

adulterants, 152. 

analysis, 152. 

bibUogrkphy, 155. 

chemical constituents, 151. 

commercial varieties, 151. 

habitat and origin, 151. 

properties, 151. 

solubilities, 153. 

solution of, 26. 

Elemi resins, 6, 9, 155. 
adulterants, 160. 
analysis, 160. 
bibliography, 173. 
chemical constituents, 156. 
commercial varieties, 156. 

African (Luban Matti), 157, 

168. 
Indian, 156, 169. 
Manila, 156, 163. 
Protium, 157, 170. 
Vera Cruz, 167. 
Yucatan, 156, 166. 
habitat and origin, 156. 
properties, 156. 
solubilities of, 161, 162. 
solution of, 25. 

values (acid, ester, etc.), 160, 161. 
Epichlorhydrin as solvent for resins, 25. 
Erythroresinotannol, 11. 
Ester value of resins, 83, 42, 46, 59. 
Ether as solvent for resins, 28. 
value of resins, 33. 
constant, 33. 



Euphorbium gum resin, 280. 
adulterants, 281. 
analysis, 281. 
bibliography, 283. 
chemical constituents, 280. 
commercial varieties, 281. 
habitat and origin, 280. 
properties, 281. 
values (acid, ester, etc), 281. 

Female myrrh, 301. 
Ferulaic acid, 10. 
Fluavil, 15. 

Fractional saponification determina- 
tion, 30. 
Friedburg's studies on copals, 141. 

Galbanum gum resin, 8, 10, 11, 283. 

acid value, 30. 

adulterations, 285^ 

analysis, 285. 

bibliography, 291. 

chemical constituents, 283. 

commercial varieties, 284. 

habitat and origin, 283. 

properties, 284. 

values (acid, ester, etc.), 285. 
Galbaresinotannol, 11. 
GaUipot, 202, 204. 
Gamboge, 291. 

adulterants, 292. 

analysis, 292. 

bibliography, 296. 

chemical constituents, 291. 

commercial varieties, 291. 

habitat and origin, 291. 

properties, 291. 

solubilities, 292. 

values (acid, ester, etc.), 292. 
Gedanite (amber). 111, 112. 
Glessite (amber). 111, 112. 
G^mmart gum, 157, 159, 198. 
Gommier, 157. 
Guaiacic acid, 13. 
Guaiaconic acid, 13. 
Guaiacum resin, 13, 173. 

adulterants, 174. 

analysis, 174. 

bibliography, 178. 

chemical constituents, 173. 

commercial varieties, 174. 

habitat and origin, 173. 

properties, 174. 

solubilities, 175. 
Gum copal, 156, 159. 
Gum resins, aromatic, 8. 

definition of, 4. 
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Gum resins, inodorous, 8. 
Gum value, 32, 42, 58. 
Gurjun (E^t Indian) copaiba balsam, 
75. 

chemical constituents, 75. 

solubilities, 76. 

values (acid, ester, etc.), 75, 76. 

Herabol myrrh, 300. 
Hesse reaction, 20. 

Hing from Abushaher (asafoetida), 314. 
Hingra (asafoetida), 314. 
' V% i^rschsohn method, 57. 
Hiibl method, 57. 

Identification of resins, 23, 24. 
niurin copaiba balsam (see West 

African copaiba balsam), 82. 
Incense (see olibanum), 320. 
Indian incense, 321. 
Indicators, 55. 
lodin^ aj^d 'bromine values, 42, 54. 

Jalapa4iSftf 178. 
adulterants, 178. 
analysis, 178. 
bibliography, 186. 
chemical constituents, 178. 
commercial varieties, 178. 
habitat and origin, 178. 
properties, 178. 
values (acid, ester, etc.), 182. 

Kanda haree (asafoetida), 314. 
Kauri copal, 135.*^ 
Kikekunemalo resin, 157. 
Kino resin, 186. 

adulterants, 188. 
analysis, 188. 
' bibliography, 195. 

chemical constituents, 187. 
commercial varieties, 187. 
African, 186, 194. 
Australian, 186, 192. 
Bengal, 186, 195. 
Malabar, 186, 188. 
West Indian, 186, 194. 
habitat and origin, 186. 
properties, 187. 
solubilities, 190. 

Labdanum resin, 196. 
adulterants, 197. 
analysis, 197. 
bibliography, 198. 
chemical constituents, 196. 
commercial varieties, 196. 



Labdanum resin, habitat and origin, 
196. 

properties, 196. 

values (acid, ester, etc.), 197. 
Lactucarium gum resin, 296. 

adulterants, 297. 

analysis, 297. 

bibliography, 299. 

chemical constituents, 296. 

commercial varieties, 297. 

habitat and origin, 296. 

properties, 297. 

values (acid, ester, etc.), 299. 
Liebermann's reaction, 20. 
Linseed oil as solvent for resins, 28. 
Luban Matte, 157, 168, 320. 

Male myrrh, 300. 
Manila elemi, 156, 163. 
Mastic, 6, 198. 

adulterants, 199. 

analysis, 199. 

bibliography, 202. 

chemical constituents, 198. 

commercial varieties, 198. 

habitat and origin, 198. 

properties, 198. 

solubilities, 199, 200 . 

solution of, 25. 

values (acid, ester, etc.), 199, 201 
Maracaibo copaiba balsam, 69. 

adulterants, 71-73. 

chemical constituents, 69. 

detection of castor oil in, 70. 

solubilities, 69. 

values (acid, ester, etc.), 69. 
Marien balsam, 244. 
Maturin copaiba balsam, 75. 

chemical constituents, 75. 

values (acid, ester, etc. ), 75. 
Mecca balsam, 83. 

adulterants, 84. 

analysis, 84. 

bibliography, 86. 

chemical constituents, 83. 

commercial varieties, 83. 

habitat and origin, 83. 

properties, 83. 

refractive power, 86. 

solubilities, 84. 

values (acid, ester, etc.), 84, 85. 
Melting-points, 24. 
Methoxyl value, 35, 59. 

examples, 38. 

use of acetic anhydride in deter 
mination of, 36. 

use of arsenious acid in do., 36. 
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Mogador sandarach, 207. 
Moisture determination, 24. 
Muccocota gum, 135. 
Myroxbresene, 15. 
Myroxylons, 15. 
Myrrh, 300. 

acid value, 30. 
analysis, 302. 
bibliography, 308. 
Bisabol, 300. 

adulterants, 301. 
chemical constituents, 301. 
habitat and origin, 301. 
properties, 301. 
group of resins, 8. 
Herabol, 300. 

adulterants, 300. 
chemical constituents, 300. 
habitat and origin, 300. 
properties, 300. 
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Faded Writing:— Coloured Inks — Red Inks — Blue Inks — ^Violet Inks — Yellow Inks — Green 
Inks — Metallic Inks — Indian Ink — Lithographic Inks and Pencils — Ink Pencils — Marking Inks 
— Ink Specialities — Sympathetic Inks — Stamping Inks — Laundry or Washing Blue — Index 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 
8vo. 96 pp. 1902. Price 5s. ; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Materials Used for Makine Sealing'- Waxes— The Manufacture of Sealing-Waxes — 
Wafers — Notes on the Nature of the Materials Used in Making Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucilages — Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and Compounds. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. ; net. Plans and Diagrams. 

Contents. 

History — Ores of Lead — Geographical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting of Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
— Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ; 
Abroad, 3s. ; strictly net. 

Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OF VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.S.(Lond.). 196 pp. Demy 8w). 1900. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly 
net. 

Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust — Trades in which there is Danger of Metallic Poisoning — Certain Chemi- 
cal Trades — Some Miscellaneous Occupations — ^Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations — Index. 
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Industrial Uses of Air, Steam and 

Water. 

DRYING BY MEANS OF AIR AND STEAM. Bxplana- 

tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

British and Metric Systems Compared — Centigrade and Fahr. Thermometers — Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 tdlo. 
of Air at Different Pressure and Temperatures — Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure : A , With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus — JB, When the 
Atmospheric Air is Completely Saturated be/ore entry ^ but at its exit is only f , ^ or ^ Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying 
Apparatus — Drj'ing Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surfece of the Drying Materiai, Losses of Heat — Index. 

(See also " Evaporating^ Condensing and Cooling Apparatus,^* p. 27.) 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85. pp. 1900. Price 5s. ; India and Colonies, 5s. 6d. ;] Other 
Countries, 6s. ; strictly net. 

Contents. 

Atmospheric Air ; Lifting of Liquids ; Suction Process; Preparing Elown Oils; Preparing 
Siccative Drying Oils — Compressed Air ; Whitewash — Liquid Air ; Retrocession — Purification 
of Water; Water Hardness — Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres— Appendix : Air and Gases; Pressure 
of Air at Various Temperatures ; Fuel ; Table of Combustibles ; Saving of Fuel by Heating 
Feed Water ; Table of Solubilities of Scale Making Minerals ; British Thermal Units Tables ; 
Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam — Index. 

THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIFICATION— ANALYSIS. 

By H. DE LA Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. 1903. Price 
10s. 6d. ; Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Chemical Action of Water in Nature and in Industrial Use— Composition of Waters- 
Solubility of Certain Salts in Water Considered from the Industrial Point of View — B£Pects on 
the Boiling of Water— EflFects of Water in the Industries — Difficulties with Water — Feed 
Water for Boilers — Water in Dyeworks, Print Works, and Bleach Works — Water in the 
Textile Industries and in Conditioning— Water in Soap Works — Water in Laundries and 
Washhouses — Water in Tanning — Water in Preparing Tannin and Dyewood Extracts— Water 
in Papermaking — Water in Photography — Water in Sugar Refining— Water in Making Ices 
and Beverages — Water in Cider Making — Water in Brewing — Water in Distilling — Preliminary 
Treatment and Apparatus— Substances Used for Preliminary Chemical Purification — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
—Apparatus for the Preliminary Chemical Purification of Water— Industrial Filters — Indus- 
trial Sterilisation of Water — Residuary Waters and their Purification — Soil Filtration — 
Purification by Chemical Processes — Analyses — Index. 

(See Books on Smoke Prevention ^ Engineering and Metallurgy y p. 26, etc.) 
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X Rays. 



PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. 1901. Price 10s. 6d. ; India 
and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Historical — Work leading up to the Discovery of the X Rays — The Discovery — Appara- 
tus and its Management — Electrical Terms — Sources of Electricity — Induction Coils — 
Electrostatic Machines — ^Tubes — ^Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens — Practical X Ray Work — Installations — Radioscopy — Radiography — 
X Rays in Dentistry — X Rays in Chemistry — X Rays in War— Index. 

List Of Plates. 

Frontispiece— Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot. — III., Revolver Bullet in Calf and Leg. — IV., A Method of Localisation. — V., Stellate 
Fracture of Patella showing shadow of " Strapping ". — VI., Sarcoma. — VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XL. Bar- 
ren's Method of Localisation. 

India^ Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Translated 

from the French of T. Seeligmann, G. Lamy Torvilhon and H. 
Falconnet by John Geddes McIntosh. Royal 8vo. Eighty-six 
Illustrations. Three Plates. 412 pages. 1903. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

India- Rubber — Botanical Origin — Climatology — Soil — Rational Culture and Acclimation 
of the Different Species of India-Rubber Plants — Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Rubber — Classification of the Commercial Species of 
Raw Rubber — Physical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purificatfon) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washings 
Drying — Preliminary Observations — Vulcanisation of Normal Rubber — Chemical and Physical 
Properties of Vulcanised Rubber — General Considerations — Hardened Rubber or Ebonite- 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — ^Analysis 
of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — Imitation Rubber. 

Qutta Percha — Botanical Origin — Climatology — Soil— Rational Culture — Methods of 
Collection — Classification of the Different Species of Commercial Gutta Percha — Physical 
and Chemical Properties — Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. 



Leather Trades. 



PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal 8vo. 1901. 123 Illustra- 
tions. Price 21s. ; India and Colonies, 22s. ; Other Countries, 238. 6d. ; 
strictly net. 

Contents. 

Preface — Translator's Preface — List of Illustrations. 

Part I., Materials used in Tannins'— Skins : Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses — Tannin and Tanning Substances: Tannin; Barks 
(Oak) ; Barks other than Oak ; Tanning Woods ; Tannin-bearing Leaves ; Excrescences ; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries ; Tannin Extracts ; Estimation of Tannin and Tanntn Principles. 

Part II., Tanning — The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc. ; Steam Engines — Grinding and Trituration of Tanning Substances : Cutting up Bark ; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
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the Grinding of Bark — Manufacture of Sole Leather: Soakii^; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants* Hides; Dryii^; 
Striking or Pinning — Manufacture or Dressing Leather : boakii^ ; Depilation ; New Pro- 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
facture of Split Hides — On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts—Quantity and Quality; 0"*^^^! 
Net Cost; ^alitv of Leather — Various Manipulations of Tanned Leather: Second Tanning; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather — Tanning Various Skins. 

Part in., Curtsying — Waxed Calf: Preparation; Shaving; Stretching or Slicking; 
Oiling the Grain ; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Diy 
Finishing; Finishing in Colour; Cost — White Oilf: Finishing in White — Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Colour^ Cow Hide — Smooth Cow 
Hide — Black Leather — Miscellaneous Hides: Horse; (joat ; Waxed Goat Skin; Matt Goat 
Skin — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Bnamelled, Hungarv and Chamoy Leather, Morocco, Parchment, Pan 
and Artlflcial Leather — Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling in Colour — Hungary Leather: Preliminanr; Wet Work or Prepara- 
tion; Aluming; Dressing or Loft Work; Tallowing;; Hungary Leather from Various Hides 
— ^Tawing : Preparatory Operations ; Dressing ; Dv'eing Tawed Skins ; Rugs — Chamoy Leather 
— Morocco: Preliminary Operations, Morocco Tanning: Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts ; Leather Printinj^ ; Finishing Morocco ; Shagreen ; Bronzed Leather — Gilding 
and Silvering: Gilding; Silvering; Nickd and Cobalt — Psu\:hment — Furs and Furriery: 
Preliminary Kemarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs 
from Cold Countries ; Furs from Birds' Skins ; Preparation of Furs ; Dressing ; Colouring ; 
Preparation of Birds' Skins; Preservation of Furs — Artificial Leather: Leather made from 
Scraps ; Compressed Leather ; American Cloth ; Papier M&ch6 ; Linoleum ; Artificial Leather. 

Part v., Leather Testing and the Theory off Tanning— Testing and Analysis of Leather : 
Physical Testing of Tanned Leather; Chemical Analysis — ^The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin; Theory of Hunganr Leather Making; Theory of Tawing; 
Theory of Chamoy Leather Making; Theory of Mineral Tanning. 

Part VI., Uses of Leather — Machine Belts: Manufacture or Belting; Leather Chain 
Belts ; Various Belts , Use of Belts — Boot and Shoe-making : Boots and Shoes ; Laces — 
Saddlery: Composition of a Saddle; Construction of a Saddle — Harness: The Pack Saddle; 
Harness — Military Equipment — Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World's Commerce in Leather— Europe ; America; Asia; Africa; 
Australasia — Index. 

THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standaoe. 165 pp. 1900. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly 
net. 

Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders* Sundries — Currier's Seasonings, Blacking Compounds, 
Dressings, Finishes, Glosses, etc. — Dyes and Stains for Leather — Miscellaneous Information 
— Chrome Tannage — Index. 



Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Revised Third Edition 
and Enlarged. 200 pp. 1901. Price 17s. 6d. ; India and Colonies, 
18s. 6d. ; Other Countries, 20s. ; strictly net. 
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Contents. 

Introduction. The Rise and Progress of the Potter's Art — Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips — Qlazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours — Qold and 
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes — Means and Methods. Reclamation of Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold — Classification and 
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of 
the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count — Comparative Loss of Weight of Clays — Ground Felspar Calculations — The Conver- 
sion of Slop Body Recipes into Dry Weight — The Cost of Prepared Earthenware Clay — 
Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking, 
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America — Index. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d. ; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Preface — The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY. Translated from the French by Wilton P. Rix, Examiner 
in Pottery and Porcelain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 1901. 760 pp. 323 Illustrations. Price 21s. ; India and Colonies, 
22s. ; Other Countries, 23s. 6d. ; strictly net. 

Contents. 

Part I., General Pottery Methods. Definition and History. Definitions and Classifi- 
cation of Ceramic Products — Historic Summary of the Ceramic Art — Raw Materials of 
Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials: Analogous to Clay — 
Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw Materials 
— Plastic Bodies. Properties and Composition — Preparation of Raw Materials: Disaggrega- 
tion — Purificaiion — Preparation of Bodies : By Plastic Method — By Dry Method — By Liquid 
Method — Formation. Processes of Formation : Throwing — Expression — Moulding by Hand, 
on the Jolley, by Compression, by Slip Casting — Slapping — Slipping — Drying. Drying of 
Bodies — Processes of Drying: By Evaporation — By Aeration — By Heating—By Ventilation 
— By Absorption — Glazes. Composition and Properties — Raw Materials — Manufacture 
and Application — Firing. Properties of the Bodies and Glazes during Firing — Description 
of the Kilns — Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration. 

Part II., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, 
Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles — Paving Tiles — 
Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — Common Pottery 
— Pottery for Water and Filters — Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification : Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay Goods- 
Faiences. Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipeclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware. Stoneware Properly So-called : Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical Productions — 
Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New Sevres — 
Argillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain — Index. 
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef^vrb. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bird, 
M.A., and W. Moore Binns. Price 15s. ; India and Colonies, 16s. ; 
Other Countries, 17s. 6d.', strictly net. 

Contents. 

Part I. Plain Undecorated Pottery.— Clays, Bricks, Tiles, Pipes, Chimney Flues. 
Terra-cotta. 

Part II. Made-up or Decorated Pottery. 



THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 

1900. Paper Cover. Price Is. net ; by post, home or abroad. Is. Id. 



HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By H olden M. Ash by. Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. 74 pp. Twenty Illus. 1901. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 



NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 



A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
1899)— Preliminary Remarks— The Potteries, comprising Tunstall, Brownhills, Green- 
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hail, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End — On the Origin of the Art, and its Practice among the early Nations — 
Manufacture of Pottery, prior to 1700— The Introduction of Red Porcelain by Messrs 
Elers, of Hradwell, 1690 — Progfress of the Manufacture from 1700 to Mr. Wedgwood's 
commencement in 1760 — Introduction of Fluid Glaze — Extension of the Manufacture of 
Cream Colour — Mr. Wedgwood's Queen's Ware — Jasper, and Appointment of Potter to Her 
Majesty — Black Printing — Introduction of Porcelain. Mr. W. Littler's Porcelain — Mr 
Cookworthy's Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Champion — re- 
sold to the New Hall Com. — Extension of Term — Blue Printed Pottery. Mr. Turner, Mr 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton — 
Great Change in Patterns of Blue Printed — Introduction of Lustre Pottery. Improve 
tnonts in Pottery and Porcelain subsequent to 1800. 
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A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 

AND ARTIFICIAL HETEROGENEOUS COM- 

POUNDS USED IN MANUFACTURING POR- 

CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.— Introduction : Laboratory and Apparatus 
dements — ^Temperature — Acids and Allcalies— Tiie Earths— Metals. 

PART II., SYNTHESIS AND COMPOUNDS.— Science of Mixing— Bodies : Porcelain 
— Hard, Porcelain — Fritted Bodies, Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, 
i^aw Bodies, Stone Bodies, Ironstone, Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted 
Pearl, Fritted Drab, Raw Chemical Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, 
J^aw Drab, Raw Brown, Raw Fawn, Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, 
Queen's Ware, Cream Colour, Blue and Fancy Printed, Dipped and Mocha, Chalky, Rings, 
tStilts, etc— Glazes: Porcelain— Hard Fritted Porcelain— Soft Fritted Porcelain — Soft 
Raw, Cream Colour Porcelain, Blue Printed Porcelain, Fritted Glazes, Analysis of Fritt, 
Analysis of Glaze, Coloured Glazes, Dips, Smears and Washes ; Glasses : Flint Glass, 
•Coloured Glasses, Artificial Garnet, Artificial Emerald, Artificial Amethyst, Artificial Sap- 
phire, Artificial Opal, Plate Glass, Crown Glass, Broad Glass, Bottle Glass, Phosphoric Glass, 
British Steel Glass, Glass-Staining and Painting, Engraving on Glass, Dr. Faraday's Experi- 
ments — Colours: Colour Makit^, Fluxes or Solvents, Components of the Colours; Reds, 
«etc., from Gold, Carmine or Rose Colour, Purple, Reds, etc., from Iron, Blues, Yellows, 
■Greens, Blacks, White, Silver for Burnishing, Gold for Burnishing, Printer's Oil, Lustres. 

TABLES OF THE CHARACTERISTICS OF CHEMICAL SUBSTANCES. 



Glassware, Glass Staining and 

Painting. 

BECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Crown 8vo. 1900. Price for United Kingdom, 
10s. 6d. ; Abroad, 15s.; United States, $4; strictly net. 

Contents. 

Ruby — Ruby from Copper — Flint for using with the Ruby for Coating — A German Metal — 
•Cornelian, or Alabaster — Sapphire Blue — Crysophis— Opal — ^Turquoise Blue — Gold Colour — 

Dark Green — Green (common) — Green for Malachite — Blue for Malachite — Black for Mela- 
chite — Black — Common Canary Batch — Canary — White Opaque Glass — Sealing-wax Red — 

Flint — Flint Glass (Crystal and Demi) — Achromatic Glass — Paste Glass — White Enamel — 
'Firestone— Dead White (for moons) — White Agate — Canar>'' — Canary Enamel — Index. 

A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. net. 

Contents. 

A Short History of Stained Glass — Designing Scale Drawings — Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows — The Colours and Brushes used in Glass 
Painting — Painting on Glass, Dispersed Patterns — Diapered Patterns — Aciding — Firing — 
i'ret Lead Glazing— Index. 
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PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 

Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. 1897. Price 10s. 6d. ; India and Colonies,, 
lis.; Other Countries, 12s.; strictly net. 

Contents. 

History of Glass Faintin{{ — The Articles to be Painted : Glass, Porcelain, Enamel, Stone-^ 
ware, Faience — Pifiments: Metallic Pisments: Antimony Oxide, Naples Yellow, Barium 
Chromate, Lead Chromate, Silver Chloride, Chromic Oxide — Fluxes : Fluxes, Felspar, 

§uartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, Potassium and 
odium Carbonates, Rocaille Flux — Preparation of the Colours for Glass Painting — The 
Colour Pastes — The Coloured Glasses — Composition of the Porcelain Colours — The* Cnamet 
Colours : Enamels for Artistic Work — Metallic Ornamentation : Porcelain Gilding, Glass 
Oilding-^Firing the Colours : Remarks on Firing : Firing Colours on Glass, Firing Colours on 
Porcelain ; The Muffle — Accidents occasionally Supervening during the Process of Firing — 
Remarks on the Different Methods of Painting on Glass, Porcelain, etc. — Appendix : Cleaning: 
Old Glass Paintings. 



Paper Staining* 



THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Ekpurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 

Illustrations and 157 patterns Of paper dyed in the pulp. Roya) 

8vo, 180 pp. 1901. Price 15s.; India and Colonies. 16s.; Other 
Countries, 20s. ; strictly net. Limited edition. 

Contents. 

Behaviour of the Paper Fibres during: the Process of Dyeing:, Theory of the 
Mordant— Colour Fixing: Mediums (Mordants)— Influence of the Quality of the Water 
Used— Inor8:anic Colours— Or8:anic Colours— Practical Application of the Coal Tar 
Colours according: to their Properties and their Behaviour towards the Different 
Paper Fibres— Dyed Patterns on Various Pulp Mixtures— Dyeing: to Shade— Index. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers, 
Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus- 
trations. Demy 8vo. 180 pp. 1900. Price 10s. 6d. ; India and 
Colonies, lis.; Other Countries, 12s. ; strictly net. 

Contents. 

Composition and Properties of Glass — Raw Materials for the Manufacture of Enamels — 
Substances Added to Produce Opacity — Fluxes — Pij^ments — Decolorising Agents — Testing 
the Raw Materials with the Blow-pipe Flame — Subsidiary Materials — Preparing the 
Materials for Hnamel Making — Mixing the Materials — The Preparation of Technical Enamels,. 
The Enamel Mass — Appliances for Smelting the Enamel Mass — Smelting the Charge — 
Composition of Enamel Masses — Composition of Masses for Ground Enamels — Composition 
of Cover Enamels — Preparing the Articles for Enamelling — Applying the Enamel — Firing, 
the Ground Enamel — Applying and Firing the Cover Enamel or Glaze — Repairing Defects- 
in Enamelled Ware — Enamelling Articles of Sheet Metal — Decoratinj^ Enamelled Ware — 
Specialities in Enamelling — Dial-plate Enamelling — Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours — Index. 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp» 
1900. Price 2s. 6d. ; Abroad, 3s. ; strictly net. 



19 

Silk Manufacture . 

SILK THROWING AND WASTE SILK SPINNING. 

By HOLLINS Rayner. Demy 8vo. 170 pp. 117 Illus. 1903. Price 
5s. ; Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

Contents. 

The Silkworm— Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The 

Preparation of Silk Waste for Degumming— Silk Waste Degumming, Schapping and Dis- 

■charging — The Opening and Dressing of Wastes — Silk Waste " Drawing " or " Preparing " 

Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes — Utilisation 

•of Waste Products — Noil Spinning— Exhaust Noil Spinning. 



Books on Textile and Dyeing 

Subjects. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 

Contents. 
The Textile Fibres— Washing:, Bleachingr, Carbonisinsr— Mordants and Mor- 
danting— Dyeing^— Printing:— Dressing: and Pinishingr. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Tweilty-8ix Diasrrams 
In Colours. 150 pp. 1900. Crown 8vo. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Power- Loom Weaving in General. Various Systems of Looms— Mounting and 
Starting the Power- Loom. English Looms — ^Tappet or Treadle Looms — Dobbies — 
■General Remarks on the Numbering, Reeling and Paclcing of Yam— Appendix— Useful 

Hints. Calculating Warps — Weft Calculations — Calculations of Cost Price in Hanks. 



TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By Julius 
ZiPSER. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and 
Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 
PART I.- The Raw Materials Used in the Textile industry. 

Mineral Raw Materials. Vegetable Raw Materials. Animal Raw Materials. 
PART li.— The Technoiogry of Spinning: or the Conversion of Textile Raw 

Materials into Yam. 

Spinning Vegetable Raw Materials. Cotton Spinning — Installation of a Cotton 
MijI — ^Spinning Waste Cotton and Waste Cotton Yarns — Flax Spinning — Fine Spinning — Tow 
"Spinning — Hemp Spinning — Spinning Hemp Tow String — Jute Spinnmg — Spinning Jute Line 
Yarn — Utilising Jute Waste. 

PART 111.— Spinning Animal Raw Materials. 

Spinning Carded Woollen Yarn — Finishing Yarn — Worsted Spinning — Finishing Worsted 
Yam — Artincial Wool or Shoddy Spinning — Shoddy and Mungo Manufacture — Spinning 
"Shoddy and other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Fine Spinning — 
index. 
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THE TECHNICAL TESTING OF TARNS AND TEX- 

TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfblx>. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yam Testins:. Determining tlie Yam Niunl>er— Testing tlie Lengtii off Yarofl— 
Examination of tlie External Appearance of Yam— Determining the Twist of Yarn 
and Twist— Determination of Tensile Strength and Elastici^ — Estimating the 
Percentage of Fat in Yam— Determination of Moisture (Conditioning)— Appendix. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. Manufacturers and Designers of Carpets, Damask 
Dress and all Textile Fabrics. 200 pp. 18d8. DemySvo. 132 Designs 
and Illustrations. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

A Few Hints on Designing Ornamental Textile Fabrics — A Few Hints on Designing Orna- 
mental Textile Fabrics (continued)— A Few Hints on Desif^ntng Ornamental Textile Fabrics 
(continued) — A Few Hints on Designing Ornamental Textile Fabrics (continued) — Hints for 
Ruled-paper Draughtsmen — The Jacquard Machine — Brussels and Wilton Cai'pets — ^Tapestry 
Carpets — Ingrain Carpets — Axminster Carpets — Damask and Tapestry Fabrics — Scarf Sil^ 
and Ribbons — Silk Handkerchiefs — Dress Fabrics — Mantle Cloths--Figured Plush — Bed Quilts 
— Calico Printing. 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. KiNZER and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. 1903. Price 
8s. 6d. ; Colonies, 9s. ; Other Countries, 9s. 6d. ; strictly net. 

Contents. 

The Various Serts of Damask Fabrics— Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths — Damask with Ground- and Connecting-warp Threads — Furniture 
Damask — Lampas or Hangings — Church Damasks— The Manufacture off Whole Damask. 

— Damask Arrangement with and without Cross-Shedding— The Altered Cone-arrangement— 
The Principle of the Comer Lifting Cord — The Roller Principle — The Combination of the 
Jacquard with the so-called Damask Machine — The Special Damask Machine — The Combina> 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas. 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. 1903. Price 5s. ; Colonies, 5s. 6d. ;. 
Other Countries, 6s. ; strictly net. 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — Wrong Placing of Colours — Wrong Weight or Width of the Good» 
— Breaking of Warp and Weft Threads — Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, i.e.. Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places — Creases — Spots — Loose and Bad Colours — BadW Dyed 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes^ 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 170 pp. Demy 8vo. 1904. Price 10s. 6d. 
India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price^Quantity to Produce a Given Length — Yam Calculations — ^Yan» 
Number — Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 
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WATERPROOFING OP PABRIOS. By Dr. S. Mierzinski. 

Crown 8vo. 104 pp. 29 Illus. 1903. Price 5s. ; Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina — Impregnation of the Fabric — Drying — Waterproofing with Paraffin — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackie. Crown 8vo. 76 pp. 1904. Price 3s. 6d. ; Colonies, 4s. ; 
Other Countries, 4s. 6d. ; net. 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book — The Order Book 
— Pattern Duplicate Books — Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

(For ''Textile Soaps'' see p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OP CARPET YARNS. Manual) 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. 1900. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Structure and Constitution of Wool Fibre — Yarn Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yarns — Colour Making for Yarn Printing — Colour Printing 
Pastes — Colour Recipes for Yarn Printing — Science of Colour Mixing — Matching of Colours 
— "Hank" Printing — Printing Tapestry Carpet Yarns — Yam Printing— Steaming Printed 
Yams — Washing or Steamed Yarns — Aniline Colours Suitable for Yarn Printing — Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing — Appendix. 

THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates, 

and Four Plates showinsr Eleven Dyed Specimens of Fabrics. 132 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent 
Bodies; Surface Colour — Analysis of Light; Spectrum; Homogeneous Colours; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum; The Spectroscope and- 
Its Construction ; Colourists' Use of the Spectroscope — Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
versus the Dyer and Artist ; Colour Mixing by Rotation and Lye Dyemg ; Hue, Purity, 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours — Colour Mixing; Pure 
and Impure Greens, Orange and Violets ; Large Variety of Shades from few Colours ; Con- 
sideration of the Practical Primaries : Red, Yellow and Blue — Secondary Colours ; Nomen- 
clature of Violet and Purple Group ; Tints and Shades of Violet ; Changes in Artificial Light 
— Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades — Appendix: Four 
Plates with Dyed Specimens Illustrating Text — Index. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by. A C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. 1901. Price 
5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 
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COLOUR MATCHING ON TEXTILES. A Manual in- 

tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. 1901. Price 7s. 6d.; India and Colonies, 
8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Colour Vision and Structure of the Eve — Perception of Colour— Primary and Comple- 
mentary Colour Sensations— Daylight for Colour Matching — Selection of a Good Pure Light 
—Diffused Daylight. Direct Sunlight, Blue Skylight, Variability of Daylight, etc^ etc.— 
Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues — ^Aid of Tinted 
Films — .Matching Difficulties Arising from Contrast — Examination of Colours by Reflected 
and Transmitted Lights — Effect of Lustre and Transparency of Fibres in Colour Matching 
— Matching of Colours on Velvet Pile — Optical Properties of Dye-stufl^ Dichroism. Fluor- 
escence — Use of Tinted Mediums — Orange Film — Defects of the Eye — ^Yellowing of the Lens 
— Colour Blindness, etc. — Matching of Dyed Silk Trimmings and Linings and Bindings — Its 
Difficulties — Behaviour of Shades m Artificial Light— Colour Matching of Old Fabrics, etc. — 
Examination of Dyed Colours under the Artificial Lights — Electric Arc, Magnesium and Dufton, 
Gardner Lights, Welsbach, Acetylene, etc. — Testing Qualities of an IlTuminant — Influence 
of the Absorption Spectrum in Changes of Hue under the Artificial Lights — Study of the 
Causes of Abnormal Modifications of Hue, etc. 



COLOUR: A HANDBOOK OF THE THEORY OF 

COLOUR. By George H. Hurst, F.C.S. With Ten 

Coioured Piates and Seventy-two Illustrations. 160 pp. Demy 8vo. 

1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 

strictly net. 

Contents. 

Colour and Its Production— Cause off Colour In Coloured Bodies— Colour Pheno- 
mena and Theories— Tlie Physlologry off Ligrht— Contrast— Colour in Decoration and 
Desisrn— Measurement of Colour. 



THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. lb 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Part I., The Art of Dyeing: Wool and Woollen Cloth, Stuffs, Yam, Worsted, etc. 
Part II., The Art of Dyeing: Sillc. Part III., The Art of Dyeingr Cotton and Linen 
Thread, together with the Method of Stamping: Silks, Cottons, etc. 



THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg Von 

Georgievics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. 1903. Price 10s. 6d. ; India and Colonies, lis.; Other 
Countries, 12s. ; strictly net. 

Contents. 

Introduction — Coal Tar — Intermediate Products in the Manufacture of Dye-stuflFs — The 
Artificial Dye-stuflFs (Coal-tar Dyes) — Nitroso Dye-stuffs — Nitro Dye-stuffs — Azo Dye-stuffs — 
Substantive Cotton Dye-stuffs — Azoxystilbene Dye-stuffs — Hydrazones — Ketoneimides — 
Triphenylmethane Dye-stuffs — Rosolic Acid Dye-stuffs — Xanthene Dye-stuffs — Xanthone Dye- 
stuffs — Flavones — Oxyketone Dye-stuffs — Quinoline and Acndine Dye-stuffs —Quinonimide 
or Diphenylamine Dye-stuffs — The Azine Group : Eurhodines, Safranines and Indulines — 
Eurhodines — Safranines — Quinoxalines — Indigo — Dye-stuffs of Unknown Constitution — 
Sulphur or Sulphine Dye stuffs — Development of the Artificial Dye-stuff Industry — The 
Natural Dye-stuffs — Mineral Colours — Index. 
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THE DYEING OP COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourlst and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Structure and Chemistry of the Cotton Fibre— Scouring and Bleaching of Cotton — D>reing 
Machinery and Dyeing Manipulations— Princi{}les and Practice of Cotton Dyeing — Direct 
I^reing; Direct Dyeing followed by Fixation with Metallic Salts: Direct Dyeing followed by 
Fixation with Developers ; Direct Dyeing followed by Fixation with Couplers ; Dyeing on 
Tannic Mordant; Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres; Dyeing Cotton by Impregnation with Dye-stuff Solution — Dyeing Union (Mixed Cotton 
and Wool) Fabrics — Dyeing HaJf Silk (Cotton-Silk, Satin) Fabrics — Operations following 
Dyeing — Washing, Soaping, Drying — Testing of the Colour of Dyed Fabrics — Experimental 
I^eing and Comparative Dye Testing — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OP WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents. 

The Wool Fibre — Structure, Composition and Properties — Processes Preparatory to Dyeing 
— Scouring and Bleaching of Wool — Dyeing Machinery and Dyeing Manipulations — Loose 
Wool Dyeing, Yam Dyeing and Piece Dyemg Machinery — The Principles and Practice of 
Wool Dyeing — Properties of Wool Dyeing — Methods of Wool Dyeing — Groups of Dyes — 
Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing with Acid Dyes — Dyeing 
with Mordant Dyes — Level Dyeing— Blacks on Wool — Reds on Wool — Mordanting of Wool — 
Orange Shades on Wool — Yellow Shades on Wool — Green Shades on Wool — Blue Shades on 
Wool — Violet Shades on Wool — Brown Shades on Wool — Mode Colours on Wool — Dyeing. 
iJnion (Mixed Cotton Wool) Fabrics — Dyeing of Gloria — Operations following Dyemg — 
Washing, Soaping, Drying — Experimental Dyeing and Comparative Dye Testing — Testing of 
the Colour of Dyed Fabrics — Index. 



Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
Illusts. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d. ; Other 
Countries, 15s.; strictly net. 

Contents. 

General Considerations on Bleaching — Steeping— Washing : Its End and Importance — 
Roller Washing Machines — Wash Wheel (Dash Wheel)— Stocks or Wash Mill — Squeezing — 
Lye Boiling — Lye Boiling with Milk of Lime — Lye Boiling with Soda Lyes — Description of 
Lye Boiling Keirs — Operations of Lye Boiling — Concentration of Lyes — Mather and Piatt's 
Keir — Description of the Keir — Saturation of the Fabrics — Alkali used in Lye Boiling — 
Examples of Processes — Soap — Action of Soap in Bleaching — Quality and Quantity of Soaps 
to use in the Lye — Soap Lyes or Scalds — Soap Scouring Stocks — Bleaching on Grass or on 
the Bleaching Green or Lawn — Chemicking — Remarks on Chlorides and their Decolour- 
ising Action — Chemicking Cisterns — Chemicking — Strengths, etc. — Sours— Properties of the 
Acids — Effects Produced by Acids — Souring Cisterns — Drying — Drying by Steam — Drying 
by Hot Air — Drying by Air — Damages to Fabrics in Bleaching — Yarn Mildew — Fermentation 
— Iron Rust Spots — Spots from Contact with Wood — Spots incurred on the Bleaching Green 
— Damages arising from the Machines — Examples of Methods used in Bleaching — Linen — 
Cotton — The Valuation of Caustic and Carbonated Alkali (Soda) and General Information 
Regarding these Bodies — Object of Alkalimetry — ^Titration of Carbonate of Soda — Com- 
parative Table of Different Degrees of Alkalimetrical Strength — Five Problems relative to 
Carbonate of Soda— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and 
Caustic Alkali — Note on a Process of Manufacturing Caustic Soda and Mixtures of Caustic 
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and Carbonated Alkali (Soda>— ChlorofDCtr>'— Titnuioo— Wmdcts CUoraaictric Method- 
Preparation of Standard Solutions — Apparatus for Chlorine Valuation — ^Alkali in Eaceas in 
Deoolouristng Chlorides — Chkirine and Decolouriatntf Chlorides — Synopsis— Chlorine- 
Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — Various Deoolouriaing 
Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda — Water— 
Qualities of Water— Hardness— Dervaux's Purifier— Testing the Purified Water— Different 
Plant for Purification— Filters-Bleaching of Yam— Weight of Yam — Lye .Boiling— 
Chemicking— Washing— Bleaching of Cotton Yam — The Installation of a Bleach' Worto— 
Water Supply — Steam Boilers — Steam Distribution Pipes — Engines — Keirs — ^Washing- 
Machines — Stocks — Wash Wheels — Chemicking and Souring Cisterns — ^Various — Buildii^s— 
Addenda — Energy of iJecoiouHsing Chlorides and Bleaching b^ Electricity and Ozone- 
Energy of Decolourising Chlorides— Chlorides — Production of Chlorine and Hypochlorites 
by Electrolysis — Lunge's Process for increasing the intensity of the Bleachiitf Power of 
Chloride of Lime — Trilfer's Process for Remo\-ing the Excess of Lime or Sotu from De- 
colourising Chlorides — Bleaching by Ozone. 



Cotton Spinning and Combing. 

OOTTON SPINNING (First Year). By Thomas Thornlby, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d. ; strictly net 

Contents. 

Syllabus and Examination Papers of the City suid Guilds of London Institute — Cultiva- 
tion, Classification, Ginnins, Baling and Mixing of the Raw Cotton— Bale-Breakers, Mixing 
Lattices and Hopper Feeders — Opening and Scutching— Carding — Indexes. 

OOTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Hxamination Papers of the City and Guilds of London Institute — The 
•Combing Process — The Drawing Frame — Bobbin and Ply Frames — Mule Spinning — Ring 
Spinning — Genpral Indexes. 

OOTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute — Cotton — 
The Practical Manipulation of Cotton Spinning Machinery — Doubling and Winding — Reeling 
— Warping — Production and Costs — Main Driving — Arrangement of Machinery and Mifi 
Planning — Waste and Waste Spinning — Indexes. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. net. 

Contents. 

The Sliver Lap Machine and the Ribbon Cap Machine — General Description of the Heilmann 
Comber — The Cam Shaft — On the Detaching and Attaching Mechanism of the Comber — 
Resetting of Combers — The Erection of a Heilmann Comber — Stop Motions: Various Calcu- 
lations — Various Notes and Discussions — Cotton Combing Machines of Continental Make — 
index. 
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Collieries and Mines. 

RECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. 1901. Price 10s. 6d. ; India and 
Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 
Causes of Pit Fires— Preventive Regrulations : (1) The Outbreak and Rapid Extension 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft ; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 
Experiments on the ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity — 
indications off an Existinsr or incipient Fire — Appliances for Worlcing: in irrespirable 
Oases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus; 
Oxygen Apparatus — Extingiiisliing: Pit Fires: (a) Chemical Means; (6) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay ; (c) Insulating the Seat 
of the Fire byDams. Dson Building. Analyses of Fire Gases. Isolating the Seat of a Fire 
with Dams: Working in Irrespirable Gases ("Gas-diving"): Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden 
liams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit — Rescue Stations : (a) Stations above Ground ; (6) Underground 
Rescue Stations— Spontaneous Isrnition off Coal in Bullc— Index.j 

VENTILATION IN MINES. By Robert Wabner, Mining 
Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. 1903. Price 10s. 6d« ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

The Causes off the Contamination of Pit Air— The Means of Preventing the 
Dangers resulting from the Contamination of Pit Air— Calculating the Volume 
of Ventilating Current necessary to free Pit Air from Contamination— Determination 
off the Resistance Opposed to the Passage of Air through the Pit— I^aws off i^e- 
sistance and Formulse therefor— Fluctuations in the Temperament or Specific Re- 
sistance of a Pit— Means for Providing a Ventilating Current in the Pit— Mechani- 
cal Ventilation— Ventilators and Fans— Determining the Theoretical, Initial, and 
True (Effective) Depression of the Centrifugal Fan— New Types of Centrifugal Fan 
of Small Diameter and High Working Speed— Utilising the Ventilating Current to 
the utmost Advantage and distributing the same through the Workings— Artifici- 
ally retarding the Ventilating Current— Ventilating Preliminary Workings— Blind 
Headings— Separate Ventilation— Supervision of Ventilation— Index. 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. 1903. 
Price 8s. 6d. ; Colonies, 9s. ; Other Countries, 9s. 6d. ; strictly net. 

Contents. 

Haulage Appliances — Ropes — Haulage Tubs and Tracks — Cages and Winding Appliances — 
Winding Engines for Vertical Shafts — Winding without Ropes — Haulage in Levels and 
Inclines — The Working of Underground Engines — Machinery for Downhill Haulage. 

Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 

8vo. Thirty-six Illustrations. 190^:. 200 pp. Price 78. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Introduction — Physical Properties of the Metals — Action of Certain Agents on Metals — 
Alloys — Action of Oral Bacteria on Alloys — Theory and Varieties of Blowpipes — Fluxes — 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver — Iron — Copper — 
Zinc — Magnesium — Cadmium — Tin — Lead — Aluminium — Antimony — Bismuth — Palladium — 
Platinum — Iridium — Nickel — Practical Work — Weights and Measures. 
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Engineering, Smoke Prevention 

and Metallurgy. 

THE PREVENTION OF SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C E., Consulting Engineer. Forty-six Illustrations. 190pp. 
1901. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. , strictly net. 

Contents. 

Fuel and Combitstion — Hand Pirinf^ in Boiler Furnaces — Stoking by Mechanical Means- 
Powdered Fuel — Gaseous Fuel — Efficiency and Smoke Tests of Boilers — Some Standard 
Smoke Trials — The Leflal Aspect of the Smoke Question — The Best Means to be adopted for 
the Prevention of Smoki&— Index. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances- 
Direct Generators — Burners — Regenerators and Recuperators— Glass Smelting Furnaces- 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing — Index. 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 
120 pp. 1903. Price 5s. ; India and British Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

steel— Chemical and Physical Properties of Steel, and their Casual Connection- 
Classification of Steel according: to Use— Testing the Quality of Steel — Steel- 
Hardening^— Investigation of the Causes of Failure in Hardening— Re8:eneration of 
Steel Spoilt in the Furnace— Welding: Steel— Index. 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. 1902. Price 10s. 6d. ; India and Colonies, lis. ; 
Other Countries, 12s. ; net. 

Contents. 

The Theory of Solution.— Solutions— Molten Alloys — Varieties of Solutions — Osmotic 
Pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotic 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Gases — Solid Solu- 
tions — Solubility — Diffusion — Electrical Conductivity — Constitution of Electrolytes and Metals 
— Thermal Expansion. Micrography. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys— The Microstructure of Slags. Chemical Composition of the Alloys 
of Iron. — Constituents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opinions and Researches on Combined 
Carbon — Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present in Iron Alloys — The Constitu- 
ents of Iron — Iron — The Constituents of Iron Alloys — Manganese — Remaining Constituents of 
Iron Alloys— A Silicon— Gases. The Chemical Composition of Slag. — Silicate Sla^^s — 
Calculating the Composition of Silicate Slags — Phosphate Slags — Oxide Slags — Appendix — 
Index. 
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EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. 1903. Price 
10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; net. 

Contents. 

i?eCoefficient of Transmission of Heat, k/, and the Mean Temperature Difference, d/m — 

Parallel and Opposite Currents — Apparatus7or Heating with Direct Fire — The Injection of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — The Trans- 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
— Evaporation in a Vacuum — The Multiple-effect Evaporator — Multiple-effect Evaporators 
from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — The Relative Proportion of the Heating Surfaces in the Elements 
or the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water — The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
or Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
of Heat from Appara>tus and Pipes to the Surrounding Air, and Means tor Preventing 
the Loss — Condensers — Heating Liquids by Means of Steam — The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure — Index. 

Plumbing, Decorating, Metal 

Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Cast Sheet Lead — Milled Sheet Lead — Roof Cesspools— ^Socket Pipes — Drips — Gutters — 
Gutters (continued) — Breaks — Circular Breaks — Flats — Flais (continued) — Rolls on Flats — 
Roll Ends — Roll Intersections — Seam Rolls — Seam Rolls (continued) — ^Tack Fixings— Step 
Flashings — Step Flashings (continued) — Secret Gutters — Soakers — Hip and Valley Soakers 
— Dormer Windows — Dormer Windows (continued)— ^Dormer Tops — Internal Dormers — 
Skylights — Hips and Ridging — Hips and Ridging (continued) — Fixings for Hips and Ridging 
— Ornamental Ridging — Ornamental Curb Rolls-— Curb Rolls — Cornices — Towers and Piniala 
— Towers and Finials (continued) — Towers and Finials (continued) — Domes — Domes (continued) 
— Ornamental Lead Work — Rain Water Heads — Rain Water Heads (continued)— Rain Water 
Heads (continued). 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 
Bendings — Half-circular Elbows — Curved Bends on Square Pipe — Bossed Sends— Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Square Pipe 
Fixings — Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints — Joint Fixings 
— Plumbing Irons — Joint Fixings — Use of "Touch" in Soldering — Underhand Joints — Blown 
and Copper Bit Joints — Branch Joints — Branch Joints (contmued) — Block Joints — Block 
Joints (continued) — Block Fixings — Astragal Joints — Pipe Fixings — Large Branch Joints — 
Large Underhand Joints — Solders — Autogenous Soldering or Lead Burning — Index. 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 190U 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
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SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Sanitary Surveys— Drain Testing — Drain Testing with Smoke — ^Testing Drains with Water 
— Drain Plugs for Testing — Sanitary Defects— Closets — Baths and Lavatories — House Drainr 
— Manholes — Iron Soil Pipes — Lead Soil Pipes — Ventilating Pipes — Water-closets — Flushing 
Cisterns — Baths — Bath Fittings — Lavatories — Lavatory Fittings — Sinks — Waste Pipes- 
Water Supply — Ball Valves — Town House Sanitary Arrangements — Drainage— Jointing 
Pipes — Accessible Drains — Iron Drains — Iron Junctions — Index. 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 

8vo. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 

1900. Price 3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; 
strictly net. 

A HISTORY OP DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Water Circulation — The Tank System — Pipes and Joints— The Cylinder System — Boilers 
for the Cylinder System — The Cylinder System — The Combined Tank and Cylinder System 
— Combined Independent and Kitchen Boiler — Combined Cylinder and Tank System with 
Duplicate Boilers — Indirect Heating and Boiler Explosions — Pipe Boilers — Safety Valves- 
Safety Valvep- -The American System — Heating Water by Steam — Steam Kettles and Jets 
— Heating Power of Steam — Covering for Hot Water Pipes — Index. 



Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 

AND TECHNICAL ASPECT, AND AS AN ARTICLE 

OP COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s, 6d. ; Other Countries, 
15s. ; strictly net. 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory— The Roots— The Stem- 
and Leaves — Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In- 
florescence and Flower of the Female Hop— The Fruit and its Glandular Structure: The 
Fruit and Seed — Propagation and Selection of the Hop — Varieties of the Hop: (a) Red Hops; 
(6) Green Hops; (c) Pale Green Hops — Classification according to the Period of Ripening: 
Early August Hops ; Medium Early Hops ; Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hau 
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and Rain ; Vegetable Enemies of the Hop : Animal Enemies of the Hop — Beneficial Insects oa 
Hops— CULTIVATION^The Requirements of the Hop in Respect of Climate, Soil and 
Situation: Climate; Soil; Situation — Selection of Vanety and Cuttings — Planting a Hop 
Giu'den : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year — ^Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principad 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drying and Bagging— Principal and Subsidiary Utilisation of Hops and Hop Gardens — Lire 
■of a Hop Garden ; Subsequent Cropping — Cost of Production, Yield and Selling Prices. 

Preservation and Stora^ — Physical and Chemical Structure of the Hop Cone— Judging 
the Value of Hops. 

Statistics of Production— Tlie Hop Trade— Index. 



Timber and Wood Waste. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier. Royal 8vo. 437 pp. 178 Illustrations. 1902. 
Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s. ; 
net. 

Contents. 

Physical and Chemical Properties of Timber — Composition of the Vegetable Bodies 
— Chief Elements — M. Fremy's Researches — Elementary Organs of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood — Description of tlie Different Kinds of Wood — Principal Essences with 
Caducous Leaves — Coniferous Resinous Trees — Division of the Useful Varieties of Timber 
in the Different Countries of the Globe— European Timber — African Timber — Asiatic 
Timber — American Timber — Timber of Oceania — Forests — General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwooding and Rewooding 
— Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations — The Preservation of Timber— Generalities— Causes and Progress of De- 
terioration — History of Different Proposed Processes — Dessication — Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap — Processes for Making Timber Uninflammable — Applications of Timber — Generalities 
— ^Working Timber — Paving — Timber for Mines — Railway Traverses — Accessory Products — 
Oums — Works of M. Fremy — Resins — Barks — ^Tan — Application of Cork — The Application of 
Wood to Art and Dyeing — Different Applications of Wood — Hard Wood — Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. 1902. Fifty 
Illustrations. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 
6s. ; net. 

Contents. 

General Remarks on the Utilisation of Sawdust — Employment of Sawdust as Fuel, 
•with and without Simultaneous Recovery of Charcoal and the Products of Distillation — 
Manufacture of Oxalic Acid from Sawdfust — Process with Soda Lye ; Thorn's Process ; 
Bohlig's Process — Manufacture of Spirit (Ethyl Alcohol) from Wood Waste — Patent Dyes 
(Organic Sulphides, Sulphur Dyes, or Mercapto Dyes) — Artificial Wood and Plastic Com- 
positions from Sawdust — Production of Artificial Wood Compositions for Moulded De- 
corations — Employment of Sawdust for Blasting Powders and Gunpowders — Employment 
of Sawdust for Briquettes — Employment of Sawdust in the Ceramic Industry and as an 
Addition to Mortar — Manufacture of Paper Pulp from Wood — Casks — Various Applications 
'^f Sawdust and Wood Refuse — Calcium Carbide — Manure — Wood Mosaic Plaques — Bottle 
"ners — Parquetry — Fire-lighters — Carborundum — The Production of Wood Wool — Bark — 
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Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. 1902. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries,. 
6s. : net. 

Contents. 

The Various Causes of Dampness and Decay of the Masonry of Buildings, and the 
Structural and Hygienic Evils of the Same — Precautionary Measures during Building a^tnst 
Dampness and Efflorescence — Methods of Remedying Dampness and Efflorescences in the 
Walls of Old Buildings— The Artificial Drying of New Houses, as well sis Old Damp Dwellings^ 
and the Theory of the Hardening of .Mortar— New, Certain and Permanently Efficient 
Methods for Drying Old Damp Walls and Dwellings — The Cause and Origin of Dry-rot : its 
Ii^urious Effect on Health, its Destructive Action on Buildings, and its Successful Repres- 
sion — Methods of Preventing Dry>rot to be Adopted During Construction — Old MeUiods 
«f Preventing Dry-rot — Recent and More Efficient Remedies for Dry-rot — Index. 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI' 

TECTURE AND BTHLDING, AND THEIR ALLIED 

TRADES AND SUBJECTS. By Augustine C. Passmorb. 
Demy 8vo. 380 pp. 1904. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 



Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 

SWEETMEATS. By A. Hausxer. With Twenty-eight 

Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; net. 

Contents. 

The Manufacture of Conserves — Introduction — The Causes of^the Putrefaction of Food 
— ^The Chemical Composition of Foods — The Products of £>ecomposition — The Causes of Fer- 
mentation and Putrefaction — Preser\-ative Bodies — The Various Methods of Preserving Food 
— The Preser\'ation of Animal Food — Preserving Meat by Means of Ice — The Preserv-atioo 
of Meat by Charcoal — Preservation of Meat by Drying — The Preservation of Meat by the 
Exclusion of Air — The Appert Method — Preserving Flesh by Smokmg — Quick Smoking — Pre- 
serving Meat with Salt — Quick Salting by Air Pressure — Quick Salting by Liquid Pressure — 
Gamgee's Method of Preserving Meat — The Preser\'ation of Eggs — Preservation of White 
and Yolk of Egg — Milk Preser\'ation — Condensed Milk — The Preservation of Fat — Manu- 
facture of Soup Tablets — Meat Biscuits — Extract of Beef — The Preservation of Vegetable 
Foods in General — Compressing Vegetables — Preservation of Vegetables by Appert's Method 
—The Preservation of Fruit — Preservation of Fruit by Storage — The Preservation of Fruit 
by Drj'ing — Drying Fruit by Artificial Heat — Roasting Fruit — The Preservation of Fruit with 
Sugar — Boiled Preserved Fruit — The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
— Preser\ation of Fruit without Boiling — Jam Manufacture — The Manufacture or Fruit 
Jellies — The Making of Gelatine Jellies — The Manufacture of " Sulzen " — The Preservation of 
Fermented Beverages — The Manufacture of Candies — Introduction — The Manufacture of 
Candied Fruit — The Manufacture of Boiled Sugar and Caramel — The Candying of Fruit — 
Caramelised Fruit — The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making — 
Fruit Drops — The Manufacture of Dragdes — The Machinery and Appliances used in Candy 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used in Candy Making — Fruit 
Essences — The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Drag^es — Appendix — Index. 



31 

Dyeing Fancy Goods. 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the ,Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Mordants and Stains — Natural Dyes — Artificial Pigments — Coal Tar Dyes — Staining 
Marble and Artificial Stone — Dyeing, Bleaching and Imitation of Bone, Horn and Ivory — 
Imitation of Tortoiseshell for Combs : Yellows, Dyeing Nuts — Jvory — Wood Dyeing — Imitation 
of Mahogany: Dark Walnut, Oak, Birch-Bark, Bider-Marquetry, Walnut, Walnut-Marquetry, 
Mahogany, Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear 
Tree — Black £>yeing Processes with Penetrating Colours — Varnishes and Polishes: English 
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for 
Preserving Furniture — Index. 

Lithography, Printing and 

Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. 1903. Price 
5s. ; Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Stones — ^Transfer Inks — Transfer Papers — ^Transfer Printing — Litho Press — Press Work — 
Machine Printing — Colour Printing — Substitutes for Lithographic Stones — Tin Plate Printing 
and Decoration — Photo-Lithography. 

PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 3s. 6d. ; India and Colonies, 4s.; 
Other Countries, 4s. 6d. ; strictly net, post free. 
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